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PREFACE. 

HERE  are  fo  many  Books  of  Na¬ 
vigation  already  extanty  that  it 
may  feem  impertinent  to  trouble  the 
World  with  a  new  One  $  efpe dally 
fnce  fome  good  Mathematicians  both 
at  Home  and  Abroad ,  and  many  who  were  per¬ 
fect  Majlers  of  the  PraCticey  have  written  on 
this  Subject.  The  former  of  thefe  being  fond  of 
ingenious  Speculations y  have  generally  been  too 
prolix  on  the  Theory ,  and  too  fhort  on  the  practi¬ 
cal  Part .  Whereas  the  latter  have  in  a  great 
Meafure  neglected  the  Theory ,  and  not  being  very 
follicitous  about  Language  or  Method ,  have  deli¬ 
vered  the  practical  Rules  in  fuch  a  Manner ,  as 
they  cannot  be  eafily  comprehended ,  and  much  lefs 
remembered ,  efpecially  fnce  there  is  feldom  Men¬ 
tion  made  of  the  Reafons  on  which  they  depend. 

I  -  .  . 

But 


\ 


Viii  The  PREFACE 

But  1  am  very  far  from  finding  fault  with 
all  the  Books  on  this  Subject ;  for  there  are  fome 
very  full  both  on  Theory  and  Practice,  againjl 
which,  I  have  no  Other  Objection  but  that  they 
are  too  tedious  to  be  taught ,  and  too  dear  to  be 
purchafed  by  mofi  People . 

Youth  ought  to  learn  the  Elements  from  Jhorteir 
T i reatifes ,  and  afterwards  at  their  Leifure 
Jhould  read  general  Syfiems ,  in  order  to  perfect 
them * 

for  thefe  Reafons,  I  have  ventured  to  publijh 
this  fmall  Treat  if e ;  wherein  I  have  made  it  my 
chief  Bufmefs  to  keep  a  due  Medium  betwixt  the 
two  Extr earns,  into  which  the  fpeculative  Wri¬ 
ters  on  the  one  Hand,  and  the  practical  Ones  on 
the  Other,  are  apt  to  run.  1  have  laid  down  all 
the  ufeful  Rules,  and  troubled  the  Reader  with  no 
more  of  the  Theory  than  is  necejfary  to  explain 
them .  I  have  aljo  explained  the  Principles  of 
Menfuration,  Surveying,  and  Gauging,  and 
Jhewed  how  they  are  applied  to  Pra&lice,  in  order 
that  my  Book  might  better  anfwer  the  particular 
End  for  which  it  is  defigned,  namely,  the  In - 
firuttion  of  the  young  Gentlemen  educated  at  the 
Publick  Schools * 

As  for  the  particular  Contents  of  each  Section, 
the  Reader  will  find  them  after  this  Preface  and 
therefore  they  need  not  be  repeated  here .  I  fhall 
Only  obferve ,  that  I  have  defignedly  omitted  Great 
Circle  Sailing,  as  being  only  fpeculative ,  and  de- 

;  pending 
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pending  on  Spherical  Trigonometry,  which  would 
require  a  particular  Volume  to  explain  it.  There 
are  indeed  two  or  three  Problems -  neceffary  in 
Practice ,  which  depend  on  the  Refolution  of  Sphe¬ 
rical  Triangles ,  but  for  the  Solution  of  thej’e ,  I 
have  laid  down  fuch  clear  and  fort  Rules  that 
nobody  can  mijlake  the  Manner  of  applying 
them . 


1  know,  fome  are  of  Opinion ,  that  the  Demon - 
Jl rations  are  not  to  be  eafily  learnt  by  every  Capa¬ 
city ,  on  which  Account  they  teach  the  Pradhce 
only.  This  Book  is  therefore  fo  written  as  to 
ferve  for  their  Purpofe  likewife ,  becaufe  they  may 
take  the  Rules  alone  without  their  Reafons.  It 
is  true  indeed ,  that  there  may  be  great  Difficulty 
in  finding  out  a  proper  Demonfiration  ;  but  after 
it  is  found ,  it  is  eafier  to  be  underfiood  than  that 
of  which  it  is  the  Reafon :  and  therefore  they 
who  are  not  capable  of  underfianding  the  De¬ 
monfir  ations,  are  much  lefs  capable  of  under¬ 
fianding  the  practical  Rides  which  depend  on 
them.  And  1  am  inclined  to  believe ,  that  what 
is  commonly  attributed  to  JVant  oj  Genius  in  the 
Scholar ,  is  often  owing  to  W mt  of  Method  and 
Perfpicuity  in  the  M after. 


In  preparing  this  Treatife  for  the  Prefs ,  1 
own  myfelf  obliged  to  Mr  Stirling,  F.  R.  S. 
who  on  his  firfl  feeing  my  Papers ,  fo  far  ap¬ 
proved  both  of  the  Matter  they  contained ,  and 
of  the  Order  in  which  they  were  put  together , 
as  to  think  them  fit  to  be  made  pubhck  with  very 
little  Alteration. 

[  a  ]  lac- 
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I  acknowledge  myfelf  alfo  obliged  to  that  mojl 
excellent  Book  of  Mr  Hodgson,  intituled ,  A 
Syftem  of  Mathematicks,  which  I  take  to  be  by 
far  the  mojl  complete  Treatife  on  this  Subjett , 
both  as  to  Theory  and  Brattice. 


The  favourable  Reception  this  Work  has  met 
with  from  the  Fublick ,  has  induced  me  carefully 
to  revife  the  Whole ,  and  make  fome  confiderable 
Alterations ,  I  hope  for  the  better,  if  it  an - 
fwers  the  End  I  dejignedy  which  is  the  Good  of 
the  Publick ,  I  have  my  Aim. 
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DEFINITION. 

is  that  Art 
whereby  we  are  enabled  to  car¬ 
ry  a  Ship  from  one  Port  to  an- 
IH  other; 

This  Science  depends  upon 
feme  Parts  of  the  Mathema¬ 
tics,  which  mult  be  known 
before  we  can  treat  of  it  , 
therefore  we  fhall  firfb  lay  down 


the  Principles  of  Geometry. 


B 


SECT, 


2  Geometrical  Proportions. 

SECT.  I. 

* 

Of  fuch  Geometrical  Proportions  as  are  ahfolutely  necef- 

f ary  for  Navigation. 


Art.  i.  EOMETRY  is  that  Science  where- 
VJT  in  we  confider  the  Properties  of  Mag¬ 
nitude. 

2.  A  Point  is  that  which  is  not  made  up  of  Parts, 
or  which  is  of  itfelf  indivifible,  as  A  £ 

3.  A  Line  is  a  Length  without  Breadth,  as 


4.  The  Extremities  of  a  Line  are  Points  *,  as  the 
Extremities  of  the  Line  A  B,  are  the  Points  A  and  B, 


A. 


•B 


5.  If  the  Line  A  B  be  the  neareft  Diftance  be¬ 
tween  it’s  Extreams  A  and  B,  then  it  is  called  a  ftrait 
Line,  as  A  B  in  the  former  Figure ;  but  if  it  be  not 
the  neareft  Diftance,  then  it  is  called  a  curve  Line, 
as  A  B, 


A?  ^ 

6.  A  Surface  is  that  which  is  confidered  as  having 
>nly  Length  and  Breadth,  but  no  Thicknefs,  as  B. 


7.  I  he  Terms  of  a  Surface  are  Lines. 

8.  A  plain  Surface  is  that  which  lies  equally  be¬ 
tween  if  $  Extreams. 

9.  The  Inclination  between  two  Lines  meeting 
one  another,  :  provided  they  do  not  make  one  con¬ 
tinued 
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firmed  Line)  or  the  Opening  between  them,  is  call¬ 
ed  an  Angle  ;  thus  the  In-  A\  yC 

clination  of  the  Line  A  B 
to  the  Line  C  B,  meeting 
one  another  at  B,  or  the  g 

Opening  between  the  two 
Lines  A  B  and  C  B,  is  called  an  Angle. 

1  o.  When  the  Lines  forming  the  Angle  are  right 
Lines,  then  it  is  called  a  right  lined  Angle,  as  A ; 
if  one  of  them  be  right  and  the  other  curved,  it  is 
called  a  mixed  Angle,  as  B  ;  if  both  of  them  be 
curved,  it  is  called  a  curve  lined  Angle,  as  C. 


V 


II.  If  a  right  Line,  A  B,  fall  upon  another  D  C. 


fo  as  to  incline  neither  to 
the  one  fide  nor  to  the  o- 
ther,  but  make  the  Angles 
ABD,  ABC  on  each  fide 
equal  to  one  another,  then 
the  Line  A  B  is  faid  to  be 


A 


B 


perpendicular  to  the  Line  D  C ;  and  the  two  Angies 
are  called  Right  Angles. 

1 2.  An  obtufe  Angle  is  that  which  is  greater  than 
a  rio-ht  one,  as  A  ♦,  and  an  acute  Angle,  that  which 


is  leis  than  a  right  one  as  B. 


13.  If  a  right  Line  D  C  be  fattened  at  one  of  it’s 

Ends  C,  and  the  other  End  D,  A. 

be  carried  quite  round,  then  the  / 

Space  comprehended  is  called  a  ^  IB 

Circle  *,  the  curve  Line  ddcribed  N 

by  the  Point  D,  is  called  the 

Periphery  or  Circumference  of  the 

~  B  2  Circle  % 
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Circle;  the  fixed  Point  C  is  called  the  Center  of 
it. 

14.  The  defcribing  Line,  C  D,  is  called  the  Ra¬ 
dius,  viz .  any  Line  drawn  from  the  Center  to  the 
Circumference  whence  all  Radii  of  the  fame  or 
equal  Circles  are  equal. 

15.  Any  Line  drawn  through  the  Center,  and 
terminated  both  ways  by  the  Circumference,  is  call¬ 
ed  a  Diameter ,  as  B  D  is  a  Diameter  of  the  Circle 
BADE.  And  the  Diameter  divides  the  Circle  and 
Circumference  into  two  equal  Parts,  and  is  double 
the  Radius. 

1 6.  The  Circumference  of  every  Circle  is  fuppofed 
to  be  divided  into  360  equal  Parts,  called  Degrees  ; 
and  each  Degree  is  divided  into  60  equal  Parts, 
called  Minutes ;  and  each  Minute  into  60  equal  Parts, 
called  Seconds ;  and  thefe  into  thirds ,  Fourths ,  &c. 
thefe  Parts  being  greater  or  lefs  according  as  the 
Radius  is. 

17.  Any  Part  of  the  Circumference  is  called  an 
Arch,  or  Arc\  and  is  called  an  Arc  of  as  many  De¬ 
grees  as  it  contains  Parts  of  the  360,  into  which  the 
Circumference  was  divided :  Thus  if  A  D  (in  the 
former  Figure)  be  the  f  of  the  Circumference,  then 
the  Arc  A  D  is  an  Arc  of  45  Degrees. 


18.  A  Line  drawn  from  one 
End  of  an  Arc  to  the'  other,  is 
called  a  Chords  and  is  the  Mea¬ 
sure  of  the  Arc ;  thus  the  right 
Line  A  B  is  the  Chord  of  the  Arc 
A  D  B. 


19.  Any  Part  of  a  Circle  cut  off  by  a  Chord,  is 
called  a  Segment ;  thus  the  Space  comprehended  be¬ 
tween  the  Chord  A  B  and  Circumference  A  D  B 
(which  is  cut  off  by  the  Chord  A  B)  is  called  a  Seg¬ 
ment.  Whence  it  is  plain. 
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That  all  Chords  divide  the  Circle  into  two 
Segments. 

2 dly.  The .  iefs  the  Chord  is,  the  more  unequal 
are  the  Segments,  and  c  contra, 
idly.  When  the  Chord  is  greateft,  viz.  when  it 
is  a  Diameter,  then  the  Segments  are  equal, 
viz.  each  a  Semicircle. 

20.  Any  Part  of  a  Circle  (lefs  than 
a  Semicircle)  contained  between  two  ' 

Radii  and  an  Arc,  is  called  a  Setter  *, 
thus  the  Space  contained  between  the 
two  Radii,  AC,  B  C,  and  the  Arch 

A  B,  is  called  a  Sector.  .  . 

21.  The  right  Sine  of  any  Arc,  is  a  Dine  drawn 

perpendicular  Irom  one 
End  of  the  Arc,  to  a  Dia-  /■ 
meter  drawn  through  the 
other  End  ot  the  fame  Arc-, 
thus  A  D  is  the  right  Sine 
of  the  Arc  A  B,  it  being 
a  Line  drawn  from  A,  the 
one  End  of  the  Arc  A  B, 
perpendicular  to  C  B,  a 
Diameter  palling  through 
B,  the  other  End  ot  the 
Arc  AB. 

Now  the  Sines  {landing  on  the  lame  Diameter 
gill  increafe  till  they  come  to  the  Center,  and  then 
becoming  the  Radius,  it  is  plain  that  the  Radius  E  C 
is  the  greateft  pofTible  Sine,  and  for  that  Realon  it  is 
called  the  Whole-Sine. 

Since  the  VvTole-Sine  E  C  muft  be  perpendicular 
to  the  Diameter  F  B  (by  Def.  21.)  thererore  produ¬ 
cing  the  Diameter  E  G,  the  two  Diameters  r  B, 
E  G,  muft  crofs  one  another  at  right  Angles,  and 
fo  the  Circumference  of  the  Circle  mint  he  divide 

by  them  into  four  Parts  EB,  BG,  G  h ,  and  £  E,  and 

]3  o  theie 


/ 
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thefe  four  Parts  are  equal  to  one  another  (by  Be/, 
ii.)  and  fo  EB  a  Quadrant,  or  fourth  Part  of  the 
Circumference ;  therefore  the  Radius  E  C  is  always 
the  Sine  of  the  Quadrant,  or  fourth  Part  of  the 
Circle  E  B. 

Sines  are  faid  to  be  of  fo  many  Degrees,  as  the 
Arch  contains  Parts  of  the  360,  into  which  the 
Circumference  is  fuppofed  to  be  divided  ;  fo  the 
Radius  being  thp  Sine  of  a  Quadrant,  or  fourth 
Part  of  the  Circumference,  which  contains  90  De¬ 
grees  ;  (the  fourth  Part  of  360)  therefore  the  Radius 
muft  be  the  Sine  of  90  Degrees. 

22.  That  Part  of  the  Radius  comprehended  be- 
tween  the  Extremity  of  the  right  Sine  and  the  lower 
End  of  the  Arch,  viz.  D  B,  is  called  the  yerled  Sine 
of  the  Arch  A  B. 

23.  If  to  any  Point  in  the  Circumference,  viz.  B, 
there  be  drawn  a  Diameter  F  C  B,  and  from  the 
Point  B  perpendicular  to  that  Diameter,  there  be 
drawn  the  Line  B  H  ;  that  Line  is  called  a  Tangent 
to  the  Circle  in  the  Point  B  ^  which  Tangent  can 
touch  the  Circle  only  in  pne  Point  B,  elfe  if  it  touch¬ 
ed  it  in  more,  it  would  go  within  it,  and  fo  not  be 
a  Tangent  but  a  Chord,  (by  Art.  18.) 

24.  The  Tangent  of  any  Arch  A  B,  is  a  right 
Line  drawn  perpendicular  to  a  Diameter  through 
the  one  End  of  the  Arch  B,  and  terminated  by  a 
Line  CAM,  drawn  from  the  Center  through  the 
other  End  A  ;  thus  B  H  is  the  Tangent  of  the 
Arch  A  B. 

25.  And  the  Line  which  terminates  the  Tangent, 
viz.  C  H,  is  called  the  Secant  of  the  Arch  A  B. 

26.  What  an  Arch  wants  of  a  Quadrant  is  called 
the  Complement  of  that  Arch ;  thus  A  E  being  what 
the  Arch  A  B  wants  of  the  Quadrant  E  B  -y  is  called 
the  Complement  of  the  Arch  A  B. 

27.  And  what  an  Arch  wants  of  a  Semicircle  is 
called  the  Supplement  of  that  Arch  $  thus  fmce  A  F 
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is  what  the  Arch  AB  wants  of  the  Semicircle  BAF, 

it  is  the  Supplement  of  the  Arch  AB. 

28.  The  Sine,  Tangent,  of  the  Complement 
of  any  Arch,  is  called  the  Co-Sine,  Co-Tangent, 
of  that  Arch-,  thus  the  Sine, . Tangent,  &c.  ot  the 
Arch  A  E  is  called  the  Co-Sine,  Co- 1  an  gent,  esc. 

of  the  Arch  A  B.  A  ,  .  , 

2Q.  The  Sine  of  the  Supplement  of  an  Arch  is  the 

fame  with  the  Sine  of  the  Arch  itfelf,  for  drawing 
them  according  to  the  Definitions,  there  refults  the 

felf-fame  Line.  _  ,  .  A  , 

3o.  A  right  lin’d  Angle  is  meafured  by  an  Arch 

of  a  Circle  defcribed  up¬ 
on  the  angular  Point  as 
a  Center,  comprehended 
between  the  two  Legs 
that  form  the  Angle ; 
thus  the  Angle  A  B  D  is 
meafured  by  the  Arch 
AD  of  the  Circle  C  ADE 
that  is  defcribed  upon  the  Point  B  as  a  Center  *,  aru 
the  Angle  is  faid  to  be  of  as  many  Degrees  as  the 
Arch  is-,  fo  if  the  Arch  AD  be  45  Degrees,  then 
the  Angle  A  B  D  is  faid  to  be  an  Angle  o  45  ^ 


Hence  Angles  are  greater  or  lefs  according  as  the 
Arch  defcribed  about  the  angular  Point,  and  termi¬ 
nated  by  the  two  Legs,  contain  a  greater  or  lets 
Number  of  Degrees. 

31.  When  one  Line  falls  perpendicularly  on  an 

other,  (as  AB  on  CD) 
then  the  Angles  are  right : 

(by  the  1 1  th)  and  defcri- 
bing  a  Circle  on  the  Cen¬ 
ter  B,  fince  the  Angles 
ABC,  ABD  are  equal,  #  '  A  ,  A  n 

their  Meafures  mu  ft  be  fo  too,  1,  e.  the  Arches  A  , 
A  D  muft  be  equal ,  but  the  whole  C  AD  is  a  S e- 

B  4.  '  micirclc 
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micircle,  fince  CD,  a  Line  palling  through  the 
Center  B,  is  a  Diameter,  therefore  each  of  the  Parts 
A  C,  AD  is  a  Quadrant,  /.  e.  go  Degrees ;  fo  the 
Meafure  of  a  right  Angle  is  always  go  Degrees. 

2 2.  If  ©ne  Line  A  B  fall  any  way  upon  another, 

C  D,  then  the  Sum  of 
the  two  Angles  ABC, 
i  ABD  is  always  equal 

D  to  the  Sum  of  two  right 

_  .  Angles.  For  on  the 

Point  B,  defcribing  the  Circle  CAD,  it  is  plain, 
that  CAD  is  a  Semicircle  (by  the  15);  but  CAD 
is  equal  to  C  A  and  A  D  the  Meafures  of  the  two 
Angles ;  therefore  the  Sum  of  the  two  Angles  is 
equal  to  a  Semicircle,  that  is,  to  two  right  Angles 
(by  the  laft).  -  e 

Cor.  I.  Prom  whence  it  is  plain,  that  all  the  An¬ 
gles  which  can  be  made  from  a  Point  in  any  Line,' 

towards  one  lide  of  the  Line,  are  equal  to  two  right 
Angles. 

2 .  And .  that  all  the  Angles  which  can  be  made 
about  a  Point,  are  equal  to  four  right  ones. 

33.  If  one  Line  A  C  crofs  another  B  P  in  the 

Point  E,  then  the  oppofite  An¬ 
gles  are  equal,  viz.  B  E  A  to 
C  E  D,  and  B  E  C  equal  to 
AED.  For  upon  the  Point 
E,  as  a  Center,  defcribing  the 
Circle  A  B  C  D,  it  is  plain 
A  B  C  is  a  Semircircle,  as  alfo  BCD  (by  the  15th) 
therefore  the  Arch  A  B  C  is  equal  to  the  Arch 
BCD;  and  from  both  taking  the  common  Arch 
B  C,  there  will  remain  A  B  equal  to  C  D,  i.  e.  the 
Angle  B  E  A  equal  to  the  Angle  CED  (by  Art. 
3° )•  _  After  the  fame  manner  we  may  prove,  that 
the  Angle  B E C  is  equal  to  the  Amgle  AED. 


y 


Geometrical  Proportions, 

V 

34.  Lines  which  are 
equally  diftant  from  one 
another  are  called  Pa¬ 
rallel  Lines  ■,  as  A  B, 

CD-  '  ' 

,  r.  If  a  Line  GH  crofs  two  Parallels  AB,  CD,  then 

the  external  oppofrte  Angles  are  equal  GLB 

fnll,|  t0  c  FjH  and  AEG  equal  to  H  F  D.  F  o. 
fince  A  B  and  C  D  are  parallel  to  °ne  another,  dig 
mav  be  confidered  as  one  broad  Line,  and  U  il 
c  roiling  it ;  then  the  vertical  or  oppofite  An  les 
G  E  B, '  C  F  H  are  equal  (by  the  33d)  as  alio  AEG 

and  H  F  D  by  the  fame.  ,  m  ad  rn  ’ 

36.  If  a  Line  G  FI  crofs  two.  Parallels  A  B,^C  D, 

then  the  alternate  An¬ 
gles,  viz,  AEF  and 
E  FD,  or  C  F  E  and 
FEB  are  equal  *,  that 
is,  the  Angle  A  E  F 
is  equal  to  the  Angle  C 
E  F  D,  and  the  An¬ 
gle  C  F  E  is  equal  to 

the  Angle  F  E  B,  lor  ,  rvTl  U 

GEB  is  equal  to  AEF  (by. the  33d) 1  and  CFH  s 

equal  toEFD  by  the  fame,  but  GE_B_is  equal  to 

CFH  by  the  laft.  Therefore  AEF  is  eqtial  to 

EFD-,  the  lame  way  we  may  prove  FEB  equal 

t0  Fl  a  Line  G  H  crofs  two  parallel  Lines  A  B, 
CD,  then  the  external  Angle  GEB  is  equal  to  the 
internal  oppofrte  one  E  F  D,  or  G  E  A  equal  to  C  EE. 
For  the  Angle  AE  F  is  equal  to  the  Angle  EF  D 
by  the  laft  •,  but  A  E  F  is  equal  GEB  (by  the  33d) 
therefore  GEB  is  equal  to  EFD;  the  lame  way 
■4,vc  may  prove  A  E  G  equal  to  C  r  h. 

38.  If 
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38.  If  a  Line  G  H  crofs  two  parallel  Lines  A  B 

oirV  j  ^Sum  of  the  two  internal  Angles,  viz. 
BEF  and  DFE,  or  AEF  and  CFE  are  equal  to 
two  right  Angles ;  for  fince  the  Angle  G  E  B  is  e- 
qual  to  the  Angle  E  F  D  (by  the  laft)  to  both  add 
t  le"^18Ie  F  5  B,  then  G  E  B  and  B  E  F  are  equal 
to  BEF  and  DFE;  but  GEB  and  BEF  are 

nVlt0^Vl8bt  A,ngles  (by  the  3  2d)  therefore 
is h  and  DFE  are  alfo  equal  to  two  right  Angles. 

l  ne  fame  way  we  may  prove  that  A  E  F  and  C  F  E 
are  equal  to  two  right  Angles. 

,39-  3V  Figure  is  any  Part  of  Space  bounded  by 
Lines  or  a  Line.  If  the  bounding  Lines  be  ftrait, 
it  is  called  a  Rettitmeal  Figure  as  A ;  if  they  be  cur- 
ved,  it  is  called  a  curvilineal  Figure ,  as  B  or  C  ;  if 
they  be  partly  curve  Line?  and  partly  ftrait,  it  is 
called  a  mixt  Figure  as  D. 


40.  The  moft  fimple  rectilineal 
Figure  is  that  which  is  bounded  by 
three  right  Lines,  and  is  called  a 
' Triangle ,  as  A, 


4i-  Triangles  are  divided  into  different  kinds, 
both  with  refpeft  to  their  Sides  and  Angles :  with 
refpedt  to  their  Sides,  they  are  commonly  divided 
into  three  kinds,  viz, 

42.  A  Triangle  having  all  it’s  three  Sides  equal  to 
one  another,  is  called  an  Equilateral  Triangle,  as  A. 

43.  A  Triangle  having  two  of  it’s  Sides  equal  to 
one  another,  and  the  third  Side  not  equal  to  either 
of  them,  is  called  an  Ifofceles  Triangle ,  as  B. 

44.  A  Triangle  having  none  of  it’s  Sides  equal  to 
one  another,  is  called  a  Scalene  Triangle ,  as  C. 


rri  9 

4 5.  In- 
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II 


,,  Triangles,  with  refpeft  to  their  Angles,  are 

one  Of  ^Angles  right, 

or  greater^thanSa  right  Ingle,  is  called  an  Obtufe- 

Ang!t  ll fttyf  ’  a^Triangle  having  all  it’s  Angles 
acutej  is  called  an  Acute- Angled-tnangle ,  as  C. 


,9.  In  all  right-angled  Triangles,  the  Sides  com¬ 
prehending  the  right  Angle  are  ,  A 
called  the  Legs,  and  the  Side  op- 
pofite  to  the  right  Angle  is  called 
the  Hypothenufe.  Thus  m  the  right  ^ 

tSsiS  AB  and  BC  which 

i"4,S  thf  right  Angle  A  BC,  ,r.  the  LeB 
tL  Triangle,  and  the  Side  A  C,  whicn  is  op 
title  Sght  Angle  ABC,  is  the  Hyphen, .1= 

of  the  right-angled-Triangle  A  B  C. 

5o.  Both  obtufe  and  acute  angled  Triangles  are 

in  general  called  Oblique-Angled- tn '-angles  ;  m  » 
which  any  Side  is  called  the  Bafe,  and  the  othe 

two  the  Sides. 


5 
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«■  »■ 


27* 


12  Geometrical  Proportions, 

5 1-  TIle  perpendicular  Height  of  any  Triangle 

is  a  Line  drawn  from  the 
Vertex  to  the  Bafe  per¬ 
pendicularly  ;  thus  if  the 
Triangle  A  B  C  be  pro- 
C  pofed,  and  B  C  be  made 
it’s  Bafe,  then  A  will  be 
the  Vertex,  viz.  The  Angle  oppofite  to  the  Bafe  ; 
and  if  from  A  you  draw  the  Line  A  D  perpendi¬ 
cular  to  B  C,  then  the  Line  A  D  is  the  Height  of 
the  Triangle  ABC  Landing  on  B C  as  it’s  Bafe^ 
Hence  all  Triangles  Landing  between  the  fame 
Parallels  have  the  fame  Height,  fince  all  the  Per¬ 
pendiculars  are  equal  by  the  Nature  of  Parallels. 

C  52.  A  Figure  bounded  by 
four  Sides  is  called  a  Quadri¬ 
lateral  or  Quadrangular  Figure 

•p  as  A  B  D  C. 

~  53-  Quadrilateral  Figures  whofe  oppofite  Sides 
are  parallel,  are  called  Parallelograms.  Thus  in  the 
quadrilateral  Figure  A  B  D  C,  if  the  Side  A  C  be 
parallel  to  the  Side  B  D  which  is  oppofite  to  it, 
and  A  B  be  parallel  to  C  D,  then  the  Fio-ure 
A  B  D  C  is  called  a  Parallelogram.  & 

54.  A  Parallelogram  having  all  it’s  Sides  equal 
and  Angles  right,  is  called  a  Square-,  as  A. 

55.  That  which  hath  only  the  oppofite  Sides  equal, 

and  it’s  Angles  right,  is  called  a  Rettangle  ;  as  B. 

56.  That  which  hath  equal  Sides  but  oblique 
Angles,  is  called  a  Rhombus,  as  C  ;  and  is  juft,  an 
inclined  Square. 


A 


57-  That 


I 
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,,  That  which  hath  only  the  oppofite  Sides 

equal  and  the  Angles  .oblique,  is  called  a  Rhomboides,  as 
Lq  \  . ...  oq  an  inclined  Re&angle. 


S  and  may  be  conceived  as  an  inclined  Reftangle. 

r 

C  / 


A 

B 

1 

c8.  When  none  ot  tne  owes  arc  ^  , 

other,  then  the  quadrilateral  Figure  is  called  a 

^“ery  other  right-lined  Figure,  that  has 
more  Sides  than  four  is  in  general  called  a  Polygon. 
And  Figures  are  called  by  particular  Names  ac¬ 
cording  to  the  Number  ot  their  Sides,  viz.  One  o 
five  Sides  is  called  a  Pentagon ,  ot  fix  a  hexagon,  o 
feven  a  Heptagon,  and  fo  on.  When  the  Sides  orm- 
ing  the  Polygon  are  equal  to  one  another,  me  t 
sure  is  called  a  regular  Figure  or  Polygon. 

°  60.  In  any  Triangle  ABC,  one  ot  it’s  Legs  as 
B  C  beino-  produced  towards  D,  the  external  An¬ 
gle  A  C  D  is  equal  to  both  the  internal  oppofne 

ones  taken  together,  viz.  to  A  an„  „  j 
In  order  to  prove  this,  through  C  draw  CE  parallel 
to  A  B  •,  then  fince  C  E  is  parallel  to  A  B  and  the 
Lines  A  C  and  B D  croffeth  them,  the  Angie  ECU 
is  equal  to  A  B  C  (by  the  37th)  and  the  Angle 
A  CE  equal  to  C  A  B  (by  the  36th)  ;  therefore  the 
Angles  EC  D  and  ECA  are  equal  to  the  Angjes 
A  B  C  and  CAB;  but  the  Angles  E  C  l)  and 
ECA  are  together  equal  to  tne  Angle  A  y  , 
therefore  the  Angle  A  C  D  is  equal  to  both  the 
An<fies  ABC  and  CAB  taken  together. 

,0  1 


Cor. 
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Cor,  Hence  it  may  be  proved,  that  if  two  Lines 

A  B  and  C  D,  be 
crofted  by  a  third  Line 
E  F,  and  the  alternate 
Angles  AEF  and  E 
F  D  be  equal,  the  Lines 
AB  and  CD  will  be 
parallel  5  for  if  they 
are  not  parallel  they  muft  meet  one  another  on  one 
Side  of  the  Line  EF  (fuppofe  at  G)  and  fo  form  the 
Triangle  EFG,  one  of  whofe  Sides  GE  being  pro¬ 
duced  to  A*  the  exterior  Angle  AEF  muft  (by 
this  Article)  be  equal  to  the  Sum  of  the  two  Angles 
EFG  and  EGF>  but,  by  Suppofition,  it  is  equal 
to  the  Angle  EFG  alone  *,  therefore  the  Angle 
-A  E  F  muft  be  equal  to  the  Sum  of  the  two  Angles 
E  P  G  and  E  G  F,  and  at  the  fame  Time  equal  to 
the  Angle  EFG  alone,  which  is  abfurd,  fo  the 
Lines  AB  and  CD  cannot  meet,  and  therefore  muft 
be  parallel. 

61.  In  any  1  riangle  ABC  all  the  three  Angles 
taken  together  are  equal  to  two  right  Angles.  To 
prove  this  you  muft  produce  B  C,  one  of  it’s  Legs, 
to  any^  Diftance,  fuppofe  to  D  ;  then  by  the  laft 
Propolition,  the  external  Angle,  A  C  D,  is  equal 
to  the  Sum  of  the  two  internal  oppofite  ones  CAB 
and  ABC;  to  both  add  the  Angle  A  C  B,  then 
the  Sum  of  the  Angles  A  CD  and  ACB,  will  be  e- 
qual  to  the  Sum  of  the  Angles  CAB  and  C  B  A 
and  A  C  B.  But  the  Sum  of  the  Angles  A  C  D  and 
ACB,  is  equal  to  two  right  ones  (by  the  32b), 
therefore  the  Sum  of  the  three  Angles  CAB  and 
C  B  A  and  ACB,  is  equal  to  two  right  Angles  5 
that  is,  the  Sum'  of  the  three  Angles  of  any  Tri¬ 
angle  A  C  B  is  equal  to  two  right  Angles. 

Cor.  1.  Kence  in  any  Triangle  given,  if  one  of 
it  s  Angies  be  known,  the  Sum  of  the  other  two  is 
alfo  known :  for  fmce  by  the  laft,  the  Sum  of  all 
the  thiee  is  equal  to  two  right  A  ngles,  or  a  Semi¬ 
circle 
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circle,  it  is  plain,  that  taking  any  one  of  them 
from  a  Semicircle  or  180  Degrees,  the  Remainder 
will  be  the  Sum  of  the  other  two.  Thus  (in  the 
former  Triangle  ABC)  if  the  Angle  A  B  C  be 
40  Degrees,  by  taking  40  from  180  we  have  140 
Degrees  *,  which  is  the.  Sum  of  the  two  Angles 
B  AC,  ACB,  the  converfe  of  this  is  alfo  plain,  viz. 
The  Sum  of  any  two  Angles  of  a  Triangle  being 
given,  the  other  Angle  is  alfo  known  by  taking  that 
Sum  from  180  Degrees. 

2.  In  any  right-angled  Triangle,  the  two  acute 
Angles  muft  juft  make  up  a  right  one  between 
them  ;  confequently,  any  one  of  the  oblique  An¬ 
gles  being  given,  we  may  find  the  other  by  fubtradt- 
ing  the  given  one  from  90  Degrees,  which  is  the 
Sum  of  both. 

62.  If  in  any  two  Triangles,  ABC,  DEF,  two 
Legs  of  the  one,  viz.  ^  jp 

A  B  and  A  C,  be  e- 
qual  to  two  Legs  in 
the  other,  viz.  to 
D  E  and  D  F,  each 
to  each  refpedtively,  & 
i.  e.  A  B  to  D  E  and  AC  to  D  F  ;  and  if  the  An¬ 
gles  included  between  the  equal  Legs  be  equal, 
viz .  the  Angle  B  A  C  equal  to  the  Angle  £DF; 
then  I  fay,  that  the  remaining  Leg  of  the  one  fhall 
be  equal  to  the  remaining  Leg  of  the  other,  viz. 
B  C  to  EF;  and  the  Angles  oppofite  to  equal 
Legs  fhall  be  equal,  viz.  ABC  equal  to  DEF 
(being  oppofite  to  the  equal  Legs  A  C  and  D  F) 
alfo  ACB  equal  to  D  F  E  (which  are  oppofite  to 
the  equal  Legs  AB  and  DE).  For  if  the  Triangle 
A  B  C  be  fuppofed  to  be  lifted  up  and  put  upon  the 
Triangle  DEF,  and  the  point  A  on  the  point  D*, 
it  is  plain  fince  BA  and  DE  are  of  equal  length, 
the  point  E  will  fall  upon  the  point  B ;  and  fince 
the  Angles  B  A  C,  E  D  F  are  equal,  the  Line 

A  C 

1 


1 


x  6  Geometrical  Proportions. 

A  C  will  fall  upon  the  Line  D  F,  and  they  being 
of  equal  length,  the  Point  C  will /  fall  upon  the 
Point  F,  and  fo  the  Line  B  C  will  exactly  agree 
with  the  Line  E  F,  and  the  Triangle  ABC  will 
in  all  refpedts  be  exadtly  equal  to  the  Triangle 
DEF;  and  the  Angle  ABC  will  be  equal  to  the 
Angle  DEF,  alfo  the  Angle  A  C  B  will  be  equal 
to  the  Angle  D  F  E. 

Cor.  i .  After  the  fame  Mariner  it  may  be  proved, 
that  if  in  ahy  two  Triangles  ABC,  DEF,  (fee  the 
preceding  Figure)  two  Angles  ABC  and  A  C  B,  of 
the  one,  be  equal  to  two  Angles  DEF  and  D  F  E 
of  the  other  each  to  each  refpedively  (viz.)  the  Angle 
A B C  to  the  Angle  DEF,  and  the  Angle  ACB 
equal  to  the  Angle  D  F  E,  and  the  Sides  included 
between  thefe  Angles  be  alfo  equal,  (viz.)  B  C  equal 
to  E  F,  then  the  remaining  Angles  and  the  Sides 
Oppofite  to  the  equal  Angles,  will  alfo  be  equal 
each  to  each  refpedlively  (viz.)  the  Angle  BAG 
equal  to  the  Angle  B  D  F,  the  Side  A  B  equal  to 
D  E,  and  A  C  equal  to  D  F :  For  if  the  Triangle 
A  B  C  be  fuppofed  to  be  lifted  up  and  laid  upon  the 
Triangle  DEF,  the  Point  B  being  put  upon  the 
Point  E,  and  the  Line  B  C  upon  the  Line  E  F,- 
fince  B  C  and  E  F  are  of  equal  Lengths,  the  Point 
C  will  fall  upon  the  Point  F,  and  fince  the  Angle 
A  C  B  is  equal  to  the  Angle  D  F  E,  the  Line  C  A 
will  fall  upon  the  Line  F  D,  and  by  the  fame  Way 
of  reafoning,  the  Line  B  A  will  fall  upon  the  Line 
E  D,  and  therefore  the  Point  of  Iritene&ion  of  the 
two  Lines  BA  and  CA,  (viz.)  A  will  fall  upon  the 
Point  of  Interfedtion  of  the  two  Lines  B  D  and  F  D, 
(viz.)  D  and  confequently  BA  will  be  equal  to  DE, 
and  A  C  equal  to  1)  F,  and  the  Angle  B  AC  equal 
to  the  Angle  EDF. 

Cor.  2.  It  follows  likewife  from  this  Article,  that 
if  any  Triangle  ABC,  has  two  of  it’s  Sides  AB 
and  A  C  equal  to  one  another,  the  Angles  oppofite 
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to  thefe  Sides  will  alfo  be  equal,  (viz.)  the  Angles 
ABC  equal  to  the  Angle  A  C  B.  For  fuppofe  the 
Line  A  D,  bife&ing  the 
Angle  B  A  C,  or  dividing 
it  into  two  equal  Angles 
BAD  and  CAD,  and 
meeting  B  C  in  D,  then  the 
Line  A  D  will  divide  the 
whole  Triangle  B  A  C  into* 
two  Triangles  A  B  D  and 
D  A  C  j  in  which  B  A  and  B 
A  D  two  Sides  of  the  one, 
are  equal  to  C  A  and  A  D,  two  Sides  of  the  other 
each  to  each  refpedtively,  and  the  included  Angles, 
BAD  and  D  A  C  are,  by  Suppofition,  equal  •,  there¬ 
fore,  (by  this  Article)  the  Angle  ABC  mull  be  . 
equal  to  the  Angle  A  C  B. 

63.  Any  Angle,  as  B  A  D,  at  TV 

the  Circumference  of  a  Circle 
BADE,  is  but  half  the  Angle 
BCD  at  the  Center  {landing  on 
the  fame  Arch  BED.  To  de- 
monilrate  this,  draw  through  A 
and  the  Centre  C,  the  right  Line  • 

ACE,  then  the  Angle  E C  D  is 
equal  to  both  the  Angles  D  A  C  and  ADC  (b‘y 
the  60th)  •,  but  fince  A  C  and  C  D  are  equal  (being 
two  Radii  of  the  fame  Circle)  the  Angles  ftibtended  by 
them  muft  be  equal  alfo,  (by  Art.  62.  Cor.  2.)  i.  e.  the 
Angle  CAD  equal  to  the  Angle  C  D  A,  therefore 
the  Sum  of  them  is  double  any  one  of  them,  i.  e. 
D  A  C  and  A  D  C  is  double  of  C  A  D,  and  therefore 
E  C  D  is  alfo  double  of  DAC;  the  fame  way  it 
may  be  proved,  that  E  C  B  is  double  of  CAB,  and 
therefore  the  Angle  B  G  D  is  double  of  the  Angle 
|  B  A  D,  or  B  A  D  the  half  of  BCD  which  was  to 
be  proved,- 


A 
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Cor .  i.  Hence  an  Angle  at  the  Circumference  is 
meafured  by  half  the  Arch  it  fubtends,  for  the 
Angle  at  the  Center  (Handing  on  the  fame  Arch)  is 
meafured  by  the  whole  Arc  (by  the  30th)  *,  but  fince 
the  Angle  at  the  Center  is  double  that  at  the  Cir¬ 
cumference,  it  is  plain  the  Angle  at  the  Circumfe¬ 
rence  mull  be  meafured  by  only  half  the  Arch  it 
Hands  upon. 

J3  Cor.  2.  Hence  all  Angles, 

A  C  B,  ADB,  A  E  B,  &c.  at 
the  Circumference  of  a  Circle, 
Handing  on  the  fame  Chord 
A  B,  are  equal  to  one  another ; 
for  by  the  laH  Corollary  they 
are  all  meafured  by  the  fame 
Arc,  viz.  half  the  Arc  AB  which  each  of  them 
fubtends. 

Cor.  3.  Hence  an  Angle  in  a  Segment  greater 
than  a  Semicircle  is  lefs  than  a  right  Angle  j  thus 
if  ADB  be  a  Segment,  greater  than  a  Semicircle, 
(fee  the  laH  Figure)  then  the  Arch  A  B,  on  which 
it  Hands,  muH  be  lefs  than  a  Semicircle,  and  the 
half  of  it  lefs  than  a  Quadrant  or  a  right  Angle  ; 
but  the  Angle  A  D  B  in  the  Segment,  is  meafured 
by  the  half  of  AB  ;  therefore  it  is  lefs  than  a  right 


Angle. 


B 


D 


%e  the  Angle  A  B  D  is  a  right  one.. 


Cor.  4.  An  Angle  in  a  Se¬ 
micircle  is  a  right  Angle.  For 
fince  A  B  D  is  a  Semicircle,  the 
Arc  A  E  D  muH  alfo  be  a  Se¬ 
micircle  *,  but  the  Angle  ABD 
is  meafured  by  half  the  Arc 
A  E  D,  that  is,  by  half  a  Se¬ 
micircle  or  Quadrant  •,  there- 


Cor „ 
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Cor.  5.  Hence  ati  Angle  in  a  Segment  fefs  than  a 
Semicircle,  as  A  B  D,  is  great-  B 

er  than  a  right  Angle :  for  fince 
the  Arch  A  B  D  is  lefs  than  a 
Semircircle,  the  Arch  AED  . 
muft  be  greater  than  a  Semi¬ 
circle,  and  fo  ’tis  half  greater 
than  a  Quadrant,  i.  e.  than  the 
meafure  of  a  right  Angle  *,  E 

therefore  the  Angle  A  B  D,  which  is  meafured  by- 
half  the  Arch  AED,  is  greater  than  a  right  Angle.  • 

64.  If  from  the  Center  C  of  the  Circle  ABE, 
there  be  let  fall  the  perpendicular  CD  on  the  Chord 
A  B,  then  that  Perpendicular  will  bifedt  the  Chord 
A  B  in  the  Point  D.  To  demonftrate  this,  draw 
from  the  Center  to  the  Extremities  of  the  Chord  the 
two  Lines  C  A,  CB  *,  then  fince  the  Lines  C  A  and 
CB  are  equal,  the  Angles  CAB,  CBA,  which  they  fub- 
tend  muft  be  equal  alfo;  (by  Art.  62.  Cor.  2.)  but  the 
Perpendicular  CD  divides  the  Triangle  ACB  into  two 
right  angled  Triangles  A  CD  and  CDB,  in  which  the 
Sum  of  the  Angles  A  C  D  and 
C  A  D  in  the  one,  is  equal  to 
the  Sum  of  the  Angles  DCB 
and  C  B  D  in  the  other,  each  E 
being  equal  to  a  right  Angle, 

(by  Cor.  2.  of  Art.  61.)  but 
CAD  is  equal  to  C  B  D$ 
therefore  A  C  D  is  equal  to  B  C  D.  So  in  the  two 
Triangles  AC  D  and  BCD,  the  two  Legs  A  C  and 
CD  in  the  one,  are  equal  to  the  two  Legs  BC  and 
C  D  in  the  other,  each  to  each  refpedtlvely,  and  the 
included  Angles  A  C  D  and  BCD  are  equal  *,  there¬ 
fore  the  remaining  Legs  A  D  and  B  D  are  equal  (by 
the  6id)  and  confequently  AB  bifedted  in  D. 

65.  If  from  the  Center  C  of  a  Circle  ABE,  there 
be  drawn  a  Perpendicular  C  D  On  the  Chord  A  B, 
and  produced  till  it  meet  the  Circle  in  F,  then,  I 

c  2 
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fay,  the  Line  C  F  bifedts  the  Arch  A  B  in  the  Point 
F ;  for  (fee  the  foregoing  Figure)  joining  the  Points 
A  and  F,  F  and  B  by  the  ftreight  Lines  AF,  FB, 
then  in  the  Triangles  ADF,  BD  F,  AD  is  equal  to 
DB  (by  the  laft)  and  DF  common  to  both-,  therefore 
AD  and  D  F,  two  Legs  of  the  Triangle  ADF,  are 
equal  to  B  D  and  D  F,  two  Legs  of  the  Triangle 
B  D  F,  and  the  included  Angles  ADF,  B  D  F  are 
equal,  being  both  right  *,  therefore  (by  the  62d) 
the  remaining  Legs  A  F  and  F  B  are  equal,  but  in 
the  fame  Circle  equal  Lines  are  Chords  of  equal 
Arches,  therelore  the  Arches  A  F  and  F  B  are  e- 
qual.  So  the  whole  Arch  A  F  B  is  bife&ed  in  the 
Point  F  by  the  Line  C  F. 

Cor.  i.  From  the  64th  it  follows,  that  any  Line 
bifedting  a  Chord  at  right  Angles  is  a  Diameter ; 
for  fince  (by  the  64th)  a  Line  drawn  from  the  Cen¬ 
ter  perpendicular  to  a  Chord,  bifefts  that  Chord  at 
right  Angles  therelore,  converfty,  a  Line  bifefling 
a  Chord  at  right  Angles,  muft  pafs  thro’  the  Center 
and  confequently  be  a  Diameter. 

Cor.  2.  From  the  two  laft  it  follows,  that  the  Sine 
of  any  Arc  is  the  half  of  the  Chord  of  twice  the 
Arc  for  (fee  the  foregoing  Scheme)  A  D  is  the  Sine 
of  the  Arc  A  F,  by  the  Definition  of  a  Sine,  and 
A  F  is  half  the  Arc  A  F  B,  and  A  D  hall  the  Chord 
A  B  (by  the  64th)  therefore  the  Cor.  is  plain. 

66.  In  any  Triangle,  the  hall  ol  each  Side  is  the 

Sine  of  the  oppofite  Angle  ; 
for  if  a  Circle  be  fuppofed  to 
be  drawn  thro’  the  three  an- 
gular  Points  A,  B,  and  D  ot 
^  die  Triangle  ABD  ;  then  the 
Angle  D  A  B  is  meafured  by 
hall  the  Arch  B  K  D  (by  Cor. 
1  of  Art.  63.) ;  but  the  half 
of  B  D,  viz.  B  E,  is  the  Sine  of  half  the  Arch 

BKD,  viz.  the  Sine  of  BK  (by  Cor.  2 .  of  the  laft) 

which 
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which  is  the  meafure  of  the  Angle  BAD;  therefore 
the  half  of  B  D  is  the  Sine  of  the  Angle  BAD;  the 
fame  way  it  may  be  proved,  that  the  half  of  A  D 
is  the  Sine  of  the  Angle  A  B  D,  and  the  half  of  A  B 
is  the  Sine  of  the  Angle  A  D  B. 

67.  The  Sine,  Tangent,  &c.  of  any  Arch  is  cal¬ 
led  alfo  the  Sine,  Tangent, 

&c.  of  the  Angle  whofe  mea¬ 
fure  the  Arch  is ;  thus  becaufe 
the  Arch  G  D  is  the  meafure 
of  the  Angle  G  C  D,  and  fmce 
G  H  is  the  Sine,  D  E  the  Tan- 

gent,  HD  the  verfed  Sine,  A! - — iD 

C  E  the  Secant,  alfo  G  K  the 
Co-Sine,  B  F  the  Co-Tangent, 
and  CF  the  Co-Secant,  &c. 
of  the  Arch  G  D  ;  then  G  H  is  called  the  Sine,  D  E 
the  Tangent,  &c.  of  the  Angle  G  C  D  whofe  mea¬ 
fure  is  the  Arch  G  D.  _ 

68.  If  two  equal  and  parallel  Lines,  AB  and 

C  D,  be  joined  by  two  others,  A  C  and  B  D  •,  then 
thefe  (hail  alfo  be  equal  and  parallel.  To  demon- 
ftrate  this,  join  the  two  oppofite  Angles  A  and  D 
with  the  Line  AD  ;  .then  it  is  plain  this  Line  A  D 
divides  the  Quadrilateral,  ACDB,  into  two  In- 
angles,  viz.  A  B  D,  A  C  D,  in  which  A  B,  a  Leg 
of  the  one,  is  equal  to  D  C  a  Leg  ol  the  other,  by 
Suppofition,  and  A  D  is  common  to  both  Triangles , 
and  Vince  A  B  is  parallel  to  C  D,  the  Angle  B  AD 
will  be  equal  to  the  Angle  ADC,  (by  Art.  30.) 

therefore  in  the  two  Triangles,  - cq 

B  A,  and  A  D,  and  the  Angle 
BAD,  is  equal  to  C  D  and 
D  A,  and  the  Angle  ADC, 
that  is,  two  Legs  and  the  in-  C 
eluded  Angle  in  the  one,  is  equal  to  two  Legs  and 
the  included  Angle  in  the  other;  therefore  (by 
the  6 2d)  B  D  is  equal  to  A  C,  and  fmce  the  Angle 

A  C 3  '  DAC 
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D  A  C  is  equal  to  the  Angle  ADB,  therefore  the 
Lines  BD,  AC  are  parallel  (by  Cor.  Art.  60). 

Cor.  i.  Hence  it  is  plain,  that  the  Quadrilateral 
ABDC  is  a  Parallelogram,  fince  the  qppofite  Sides 
are  parallel. 

Cor.  2.  In  any  Parallelogram  the  Line  joining 
the  oppofite  Angles  (called  the  Diagonal)  as  A  D, 
divides  the  Figure  into  two  equal  parts,  fince  it  has 
been  proved  that  the  Triangles  A  B  P,  A  C  D  are 
equal  to  one  another. 

Cor.  3.  It  follows  alfo,  that  a  Triangle  ACD 
on  the  fame  Bafe  C  D,  and  between  the  fame  Pa- 
rallels  >vith  a  Parallelogram  ABDC,  is  the  half  of 
that  Parallelogram. 

Cor.  4.  Hence  it  is  plain,  that  the  oppofite  fides 
of  a  Parallelogram  are  equal  *,  for  it  has  been  proved 
that  ABDC  being  a  Parallelogram,  A  B  will  be  equal 
to  C  D  and  A  C  equal  to  B  D. 

69.  All  Parallelograms  on  the  fame  or  equal 
Bafes,  and  between  the  fame  Parallels,  are  equal 
to  one  another ;  that  is,  if  B  D  and  G  H  be  equal, 
and  the  Lines  B  H  and  A  F  be  parallel,  then  the 
Parallelograms  ABDC,  B  D  F  E,  and  E  FHG 
are  equal  to  one  another.  For  A  C  is  equal  to  E  F 
each  being  equal  to  B  D.  (by  Cor.  4.  of  68.)  To  both 
add  C  E,  then  A  E,  will  be  equal  C  F.  So  in  the 
two  Triangles  ABE,  CDF;  A  B,  a  Leg  of  the 
one,  is  equal  to  CD,  a  Leg  in  the  other;  and  A  E  is 
equal  to  C  F,  and  the  Angle  B  A  E  is  equal  the  Angle 
DCF  (by  the  37th);  therefore  the  two  Triangles 
ABE,  CD  F  are  equal  (by  the  62 d) ;  and  taking 

the  Triangle  C  K  E 
from  both,  the  Fi¬ 
gure  A  BKC  will 
be  equal  to  the  Fi¬ 
gure  K  D  F  E  ;  to 
both  which  add  the 
little  Triangle  KBD, 

then 
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then  the  Parallelogram  ABDC  will  be  equal  to 
the  Parallelogram  B  D  F  F,  The  fame  way  it  may 
be  proved,  that  the  Parallelogram  E  F  H  G  is  equal 
to  the  Parallelogram  EFDB;  fo  the  three  Paralle¬ 
lograms  ABDC,  B  D  F  E,  and  E  F  H  G  will  be 
equal  to  one  another. 

Cor.  Hence  it  is  plain,  that  Triangles  on  the  fame 
Bale,  and  between  the  fame  Parallels,  are  equal; 
fince  they  are  the  half  of  the  Parallelograms  on  the 
fame  Bafe  and  between  the  fame  Parallels,  (by  Cor.  3. 


of  laft  Art.) 

70.  In  any  right-angled  Triangle,  ABC,  the 
Square  of  the  Hypothenufe  B  C,  viz.  B  C  M  H  is 
equal  to  the  Sum  of  the  Squares  made  on  the  two 
Sides  A  B  and  A  C,  viz.  to  A  B  D  E  and  A  C  G  F. 
To  demonftrate  this,  thro’  the  Point  A  draw  AKL 
perpendicular  to  the  Hypothenufe  B  C,  join  A  H, 
A  M,  D  C,  and  B  G  •,  then  it  is  plain  that  D  B  is  equal 
to  B  A  (by  the  54th),  alfo  B  H  is  equal  to  B  C  (by  the 
fame) ;  fo  in  the  two  Triangles  D  B  C,  A  B  H  the 
two  Legs  D  B  and  B  C  in  the  one,  are  equal 
to  the  two  Legs  A  B  and  B  H  in  the  other  *,  and 
the  included  Angles  D  B  C  and  A  B  FI  are  alfo 
equal ;  (for  D  B  A  is  equal  to  CBH  being  both 
right ;  to  each  add  ABC,  then  his  plain  that  DBC 
is  equal  to  ABH)  therefore  the  Triangles  DBC, 
ABH  are  equal  (by  the 
6 2d),  but  the  Triangle 
DBC  is  half  of  the  Square 
ABD E  (by  Cor.  3.  of 
68th)  and  the  Triangle  D 
ABH  is  half  the  Paral¬ 
lelogram  BKLH  (by 
the  fame)  therefore  hall 
the  Square  A  B  D  E  is. 
equal  to  half  the  Paral¬ 
lelogram  BKLH.  Con- 
fequently  the  Square 
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A  B  D  E  is  equal  to  the  Parallelogram  BKLH, 
The  fame  way  it  may  be  proved,  that  the  Square 
ACGF  is  equal  to  the  Parallelogram  KCML.  So 
the  Sum  of  the  Squares  A  B  D  E  and  A  C  G  F  is  equal 
the  Sum  of  the  Parallelograms  B  K  L  FI  and  KCML; 
but  the  Sum  of  thefe  Parallelograms  is  equal  to  the 
Square  B  C  M  H,  therefore  the  Sum  of  the  Squares 
on  A  B  and  A  C  is  equal  to  the  Square  on  B  C. 

Ccr.  i.  Hence  in  a  right-angled  Triangle,  the  Hy¬ 
pothenufe  and  one  of  the  Legs  being  given,  we 
may  eafily  find  the  other,  by  taking  the  Square  of 
the  given  Leg  from  the  Square  of  the  Hypothenufe, 
and  the  fquare  Root  of  the  Remainder  will  be  the 
Leg  required. 

Cor.  2.  Hence,  the  Legs  in  a  right-angled  Tri¬ 
angle  being  given,  we  may  find  the  Hypothenufe, 
by  taking  the  Sum  of  the  Squares  of  the  given  Legs, 
and  extrading  the  fquare  Root  of  that  Sum. 

7  f .  If  upon  the  Line  A  B  there  be  drawn  a  Semi¬ 
circle  A  D  B,  whofe  Centre  is  C,  and  on  the  Point 
C  there  be  raifed  a  Perpendicular  to  the  Line  A  B, 
viz-  C  D ;  then  ’tis  plain  the  Arch  D  B  is  a  Quadrant, 
or  contains  90  Degrees;  flippofe  the  Arch  DB  to  be 
divided  into  9  equal  Arches,  each  of  which  will 
contain  10  Degrees,  then  on  the  Point  B  raifing 
B  E  perpendicular  to  the  Line  A  B,  it  will  be  a  Tan¬ 
gent  to  the  Circle  in  the  Point  B,  and  if  to  every 
one  of  the  Divifions  of  the  Quadrant,  viz.  B  10* 
B  20,  B  30,  B  40,  &?r.  you  draw  the  Sine,  Tan¬ 
gent,  &c.  (as  in  the  Scheme)  we  fhall  have  the  Sine, 
Tangent,  &c.  to  every  ten  Degrees  in  the  Qua¬ 
drant  :  and  the  fame  way  we  may  have  the  Sine, 
Tangent,  &V.  to  every  fmgle  Degree  in  the  Qua¬ 
drant,  by  dividing  it  into  90  equal  Parts  beginning 
from  B,  and  drawing  the  Sine,  Tangent,  &.c.  to 
all  the  Arches  beginning  at  the  fame  Point  B.  By 
this  Method  they  draw  the  Lines  of  Sines,  Tangents, 
of  a  certain  Circle  on  the  Scale  ;  for  after  draw- 


A  C  B 


}ng  them  on  the  Circle,  they  take  the  length  of  them, 
and  fet  them  off  in  the  Lines  drawn  for  that  purpofe. 
The  fame  way,  by  fuppofing  the  Radius  of  any 

Number  of  equal  Parts,  (fuppofe  1000,  or  10,000, 

&c>) 
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&c.)  ’tis  plain  the  Sine,  Tangent,  &c.  of  every 
Arc  muft  confift  of  fome  Number  of  thefe  equal 
Parts,  and  by  computing  them  in  parts  of  the 
Radius,  we  have  Tables  of  Sines,  Tangents,  &c, 
to  every  Arch  in  the  Quadrant,  called  Natural  Sines, 
Tangents,  &c.  and  the  Logarithms  of  thefe  give  us 
Tables  of  Logarithmic  Sines,  Tangents,  &c. 

To  underftand  the  Nature  of  which,  and  the  Me¬ 
thod  of  ufing  them,  you  muft  know  that  Logarithms 
nre  only  artificial  Numbers,  contrived  to  avoid  long 
Operations  in  natural  Numbers,  each  of  which  has  a 
Logarithm  belonging  to  it.  Their  Nature  is  liich, 
that  Addition  of  them  anlwers  to  Multiplication  in 
natural  Numbers,  and  Subtradlion  anfwers  to  Di- 
vifion  *,  that  is,  when  two  Numbers  are  propofed  to 
be  multiplied  into  one  another,  if  we  take  the  Lo¬ 
garithms  anfwering  to  the  Numbers  and  add  them 
together,  the  Sum  will  be  the  Logarithm  anfwering 
to  the  natural  Number,  which  is  the  Product  of  the 
two  Numbers  propofed. 

Again,  when  one  Number  is  propofed  to  be  di¬ 
vided  by  another,  if  from  the  Logarithm  of  the  Di¬ 
vidend  we  fubtraft  the  Logarithm  of  the.  Divifor, 
the  Remainder  fhall  be  the  Logarithm  of  the  Quo¬ 
tient. 

Now  to  apply  this  to  practice :  The  firft  Table 
at  the  end  of  this  Book,  contains  the  Logarithms  of 
all  the  Numbers  from  i  to  ioooo  *,  the  Columns 
marked  at  the  top  with  (N)  contain  the  natural 
Numbers,  and  the  adjacent  Columns  contain  the 
Logarithms  of  thefe  Numbers.  So  to  find  the  Lo¬ 
garithm  of  any  Integer  Number  between  i  and 
10,000,  we  muft  look  in  the  Columns  marked  with 
N  at  the  top,  till  we  find  the  Number  propofed  *, 
and  that  Handing  on  the  fame  Line  with  it  in  the 
adjacent  Column  is  the  Logarithm  required. 

Example.  Let  it  be  required  to  find  the  Loga¬ 
rithm  of  365 ;  by  looking  in  the  Table  according 
'  to 
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to  the  above  Dire&ion,  I  find  it  to  be  2.56229. 
The  Reverfe  of  this,  viz,  Given  a  Logarithm,  to 
find  from  your  Tables  the  natural  Number  anfwer- 
jno-  thereto,  is  performed  by  looking  into  the  Co¬ 
lumns  marked  with  Logarithm  at  top,  for  that 
which  is  either  equal  or  neareft  to  the  one  propofed, 
and  the  Number  anfwering  to  it  in  the  adjacent  Co- 
'lumn  is  that  required. 

Example.  Let  it  be  required  to  find  the  natural 
Number  anfwering  to  the  Logarithm  2.56229,  by 
proceeding  according  to  the  above  Direction  I  find 
it  to  be  365. 

Again,  if  it  were  required  to  find  the  Logarithm 
of  a  Number,  haying  fome  Decimals  in  it.  In  or¬ 
der  to  do  this,  you  may  obferve  in  the  Table 
of  Logarithms,  that  the  Logarithm  of  10  is  i, 
that  of  ioo,  2;  and  of  1000,  3,  and  the  Lo¬ 
garithms  of  all  the  intermediate  Numbers  be¬ 
tween  10  and  100,  have  1  for  the  integral  Part 
of  each,  and  all  thole  between  100  and  1000  have 
2  for  their  integral  Part,  and  fo  on,  which  are  cal¬ 
led  their  Indices. 

Now  becaufe  any  Number  confifting  of  both  In¬ 
tegers  and  Decimals,  is  equal  to  the  Quotient  of  the 
whole  confidered  as  an  Integer  divided  by  the  Deno¬ 
minator  of  the  decimal  Part  *,  and  fince  by  the  Na¬ 
ture  of  Logarithms,  Subdudtion  in  them  anfwers 
to  Divifion  in  other  Numbers  *,  therefore  it  follows, 
that  when  a  Number  is  given  confifting  both  of  In¬ 
tegers  and  Decimals,  we  can  find  the  Logarithm 
anfwering  thereto  in  the  following  manner :  viz. 
Find  the  Logarithm  of  the  whole  confidered  as  an 
Integer ;  then  from  that  take  the  Logarithm  of  the 
Denominator  of  the  decimal  Part,  or  (which  is  the 
fame)  from  the  Index  of  the  Logarithm  of  the  whole 
confidered  as  an  Integer,  fubtract  a  Number  lefs  by 
Unity  than  the  Number  ot  Places  in  the  Denominatoi 
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of  the  Fra&ion,  and  the  Remainder  will  be  the  Lo¬ 
garithm  required. 

Example  i .  Suppofe  you  were  to  find  the  Loga¬ 
rithm  of  36.5 ;  to  do  this  you  mull  firfi:  look  for  the 
Logarithm  of  365,  which  is  2.56229,  then  becaufe 
1  o  is  the  Denominator  of  the  decimal  Part  of  the 
propofed  Number,  and  i.ooco  it’s  Logarithm,  there¬ 
fore  from  2.56229  take  1.0000,  and  there  remains 
1.56229  the  Logarithm  required. 

Example  2.  And  to  find  the  Logarithm  of  6.543. 
Firfi;  find  the  Logarithm  of  6543  confidered  as  an  In¬ 
teger,  whi  ch  by  the  T ables  you  will  find  to  be  3 . 8 1 5  7  8  •, 
then  fince  3.0000  is  the  Logarithm  of  1000  the 
Denominator  of  the  fractional  Part,  therefore  from 
3.81578  take  3.0000,  and  there  will  remain  0.8 1578, 
which  is  the  Logarithm  required. 

The  Reverfe  of  this,  viz.  the  Logarithm  of  a 
Number  confuting  of  Integers  and  Decimals  being 
given;  to  find  that  Number,  is  performed  according 
to  the  following  Method. 

Rule .  Look  in  your  Table  of  Logarithms  (with¬ 
out  regarding  the  Indices)  lor  that  whofe  decimal 
Part  is  equal  or  nearly  equal  to  the  decimal  Part  ol 
the  Logarithm  propofed ;  then  fubtraCl  the  Index 
of  the  former  from  that  ol  the  latter;  and  laftly 
divide  the  Number  anfwering  the’  Logarithm  found 
in  your  Tables,  by  a  Number  confining  of  an  Unit, 
and  as  many  Cyphers  as  there  are  Units  in  the 
difference  between  the  two  Indices  ;  or,  which  is 
the  fame,  cut  off  as  many  Figures  (beginning  at  the 
lowefi:  place)  of  the  Number  anfwering  to  the  Lo¬ 
garithm  in  your  Table,  as  there  are  Units  in  the 
difference  of  the  Indices,  and  the  Number  laft  found 
will  be  that  required. 

Example.  Suppofe  it  were  required  to  find  the 
Number  anfwering  to  the  Logarithm  2.73608. 

In  order  to  do  this,  I  look  in  the  Table,  of  Lo¬ 
garithms  (without  regarding  the  Indices)  for  that 

whofe 
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whofe  decimal  part  is  equal,,  or  nearly  equal,  to 
.73608,  the  decimal  part  of  the  Logarithm  pro- 
pofed,  and  I  find  it  to  be  3.73608  ^  from  the  Index 
of  which,  viz.  3,  I  take  2,  the  Index  of  the  pro- 
pofed  Logarithm,  and  there  remains  1  *,  laftly,  I 
divide  5446,  the  Number  anfwering  the  Logarithm 
found  in  the  Tables,  by  10,  and  the  Quotient  544.6 
is  the  Number  required. 

The  Reafon  of  this  and  the  preceding  Rule,  is 
plain  from  the  very  Nature  of  Logarithms. 

From  what  has  been  faid  on  this  Head  we  may 
eafily  folve  the  following  Problems  by  the  Loga¬ 
rithms  :  viz. 

Prob.  1.  Given  two  Numbers,  as  2  5.6  and  134,  to 
find  the  produdt  of  their  Multiplication.  To  folve 
this  by  the  Logarithms,  I  firft  look  for  the  Loga¬ 
rithm  of  25.6  which  I  find  to  be  1.40824,  then  for 
that  of  134  which  is  2.1 2710;  then  I  add  thefe  two 
Logarithms  together,  and  their  Sum  is  3*5353 4* 
which  is  the  Logarithm  of  their  produdt ;  fo  I  look 
in  my  Table  for  the  Number  anfwering  to  3.53534* 
and  I  find  it  to  be  3430,  which  is  nearly  equal  to  the 

produdt  of  25.6  into  134. 

Again,  if  it  were  required  to  find  the  Product  of 
36  into  234,  I  proceed  as  in  the  laft  Example,  and 
the  Operation  is  as  follows : 

2.36922  the  Logarithm  of  234 
1.55630  the  Logarithm  of  36 

Sum  3.92552  the  Logarithm  of  their  Product 

which,  by  the  Table,  I  find  to  be  8424,  which  is 
the  Produd:  of  the  two  Numbers  propofed. 

Prob.  2.  Let  it  be  required  to  find  the  Quotient 
that  arifes  by  dividing  one  Number  by  another,  fup- 
pofe  828  by  23. 
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To  folve  this  by  the  Logarithms,  I  firft  look  in 
the  Tables  for  the  Logarithm  of  828,  the  Dividend, 
which  I  find  to  be  2.91803;  then  for  the  Loga¬ 
rithm  of  23,  theDivifor,  which  is  1.36173,  and  this 
laft  taken  from  the  former  Logarithm,  there  re¬ 
mains  1.55630  the  Logarithm  of  the  Quotient, 
which  anfwers  to  the  Number  36  the  Quotient  re¬ 
quired. 

Again,  let  it  be  required  to  divide  3055  by  47; 
by  proceeding  according  to  the  laft  Example,  the 
Operation  will  be  as  follows : 

3.48501  the  Logarithm  of  3055  the  Dividend, 

1.67210  the  Logarithm  of  47  the  Divifor, 

1.81291  the  Logarithm  of  the  Quotient. 

which  anfwers  to  the  Number  65  the  Quotient  re¬ 
quired. 

Prob.  3.  Three  Numbers  being  given  to  find  a 
fourth  proportional  to  them,  viz.  Such  as  fhall  have 
the  fame  proportion  to  the  third  as  the  fecond  has  to 
the  firft. 

Rule.  Take  from  the  Tables  the  Logarithm  of 
each  of  the  propofed  Numbers,  then  add  the  Lo¬ 
garithms  of  the  fecond  and  third  together,  and  from 
the  Sum  take  the  Logarithm  of  the  firft,  and  the' 
Remainder  fhall  be  the  Logarithm  of  the  fourth 
Number  required. 

Example.  Let  the  three  propofed  Numbers  be  36, 
48,  66,  to  which  we  are  to  find  a  fourth  proportio¬ 
nal  ;  by  the  preceding  Rule,  the  Operation  will 
ftand  as  follows : 

1.68124  the  Logarithm  of  48  the  2d  Term, 

1.8  !  954  the  Logarithm  of  66  the  3d  Term, 

3.50078  the  Logarithm  of  their  Produdt, 

1 -55 630  the  Logarithm  of  the  ift  Term,  36. 

r. 94448  the  Log.  of  the  4th  Term  required. 

which, 
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which,  by  looking  into  the  Table,  I  find  anfwers  to 
the  natural  Number  88,  which  is  the  4th  proportional 
to  the  three  propofed  Numbers. 

Again,  let  it  be  required  to  find  a  fourth  propor¬ 
tional  to  the  three  Numbers  24,  144,  123  *,  by  pro¬ 
ceeding  according  to  the  foregoing  Rule,  the  Ope¬ 
ration  will  Hand  as  follows : 

2.15836  the  Logarithm  of  the  2d  Term  144. 

2.08991  the  Logarithm  of  the  3d  Term  123, 

4.24827  the  Logarithm  of  their  Product, 

1.38021  the  Logarithm  of  the  ill  Term  24. 

2.86806  the  Log.  of  738,  the  4thNumber  required. 

Prob.  4.  To  find  the  Square  of  any  Number  by 
Logarithms. 

Rule.  Multiply  the  Logarithm  of  the  given  Num¬ 
ber  by  2,  and  the  produdt  is  the  Logarithm  of  the 
Square  fought. 

Example.  Required  to  find  the  Square  of  36.  Firfl 
I  look  in  the  Table  for  the  Logarithm  of  36,  and 
find  it  to  be  1.55630,  which  doubled,  gives  3.1 1260 
the  Logarithm  of  the  Square  fought,  which  by  I11- 
ipedtion  I  find  anfwers  to  the  natural  Number  1296 
the  Square  of  3  6,  viz.  the  produdt  of  3  6  multiplied 
into  itfelf. 

Prob.  5.  To  extradl  the  fquare  Root  of  any  pro¬ 
pofed  Number,  i.  e.  to  find  a  Number  which  multi¬ 
plied  into  itfelf,  fhall  produce  the  given  Number. 

Rule.  Divide  the  Logarithm  of  the  propofed 
Number  by  2,  and  the  Quotient  will  be  the  Loga¬ 
rithm  of  the  fquare  Root  required. 

Example.  Required  to  find  the  fquare  .Root  of 
1 296.  Firfl  I  look  in  the  Tables  for  the- Logarithm 
of  1296,  and  find  it  to  be  3.1 1261,  which  divided 
by  2  gives  1.55630  for  the  Logarithm  of  the  fquare 
*  ,  .  Root, 
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Root,  and  the  natural  Number  anfwering  thereto  is 
2  6  the  Root  required. 

If  for  the  Sine,  Tangent,  &c.  of  every  Degree 
and  Minute  in  the  Quadrant,  in  the  natural  Tables, 
we  take  the  Logarithm  agreeing  to  each,  we  (hall 
have  a  Table  of  Logarithmic  Sines,  Logarithmic 
Tangents,  & c.  as  it  is  in  the  fecond  Table  at  the  End 
of  this  Book. 

In  which  you  may  obferve,  that  each  Page  is  di¬ 
vided  into  eight  Columns,  the  firfi:  and  laft  of  which 
are  Minutes,  and  the  intermediate  ones  contain  the 
Sines,  Tangents,  and  Secants ;  the  upper  and  lower 
Columns  contain  Degrees  •,  the  Column  of  Minutes 
on  the  left  Hand  of  each  Page,  anfwers  to  the  De¬ 
grees  in  the  top  Column ;  and  the  Sines,  Tangents, 
and  Secants,  belonging  to  thefe  Degrees  and  Minutes, 
are  in  the  Columns  marked  at  the  top  with  the  Words, 
Sine,  Tangent,  Secant  j  the  Column  of  Minutes  on 
the  right  Hand  of  each  Page,  anfwers  to  the  Degrees 
in  the  foot  of  the  Page,  and  the  Sines,  Tangents,  and 
Secants,  anfwering  to  thefe  Degrees  and  Minutes, 
are  in  the  Columns  marked  at  the  bottom  with  the 
Words,  Sine,  Tangent,  Secant ;  the  Degrees  in  the 
top  Column  beginning  at  o,  proceed  to  44  where 
they  end,  and  thofe  at  the  foot  of  the  Page  begin 
at  89  proceed  to  45  in  a  decreafing  Series,  the  De¬ 
grees  in  the  different  Columns  being  the  Comple¬ 
ment  of  each  other.  From  what  has  been  faid, 
we  may  eaffly  find  the  Sine,  Tangent,  or  Secant,  ol 
any  Arch,  from  our  Tables,  by  looking  for  the  given 
Number  of  Degrees  at  the  head  or  foot  of  the  Page, 
according  as  they  are  lefs  or  greater  than  45,  and  in 
the  proper  fide  Column  for  the  odd  Minutes,  if  there 
be  any ;  then  below  or  above  the  Word,  Sine,  Tan¬ 
gent,  or  Secant,  and  on  the  fame  line  with  the  Mi¬ 
nutes,  we  fhall  have  that  required. 

Example  1.  Required  to  find  ,  the  Sine  of  g6  deg, 
40  min.  To  find  this,  I  look  at  the  Head  of  the  Page 

for 
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V 

for  36  deg.  and  in  the  fide  Column,  on  the  left  Hand, 
for  40  min.  then  below  the  Word  Sine,  and  on  the 
fame  Line  with  40,  I  find  9.776 09,  which  is  that 
required. 

Example  2.  Required  the  Tangent  of  54  deg.  30 
min.  To  find  this,  I  look  at  the  Foot  of  the  Page 
(becaufe  the  Degrees  propofed  are  greater  than  45) 
for  54  deg.  and  in  the  right  hand  fide  Column  for 
30  min.  then  in  the  Column  marked  with  Tangent 
at  it’s  Bottom,  and  on  the  fame  Line  with  the  30  min. 
in  the  fide  Column,  I  find  10.14673,  which  is  the 
Log-Tangent  required. 

The  Reverfe  of  this,  viz.  the  Logarithm  of  a 
Sine,  Tangent,  or  Secant,  being  given,  to  find  the 
Arch  belonging  to  it,  is  performed  by  only  look¬ 
ing  in  the  proper  Column  for  the  neareft  Logarithm 
to  that  propofed,  and  the  Degrees  and  Minutes 
anfwering  thereto  is  what  was  required. 

In  thefe  Tables  the  Secants  might  have  been 
wanting,  becaufe  all  the  Proportions  in  which  the 
Secants  aqe  concerned  may  be  wrought  without  them, 
by  the  Sines  and  Tangents  only,  as  fhall  be  fhewn 
particularly  in  the  Solution  of  the  feveral  Cafes  of 
plain  Trigonometry. 

72.  In  any  Triangle,  33 

ABC,  if  one  of  it’s 
Sides,  as  A  C,  be  bi- 
fedled  in  E,  (and  con- 
fequently  A  C  double 
of  AE)  and  through  E 
be  drawn  ED,  paral¬ 
lel  to  B  C,  and  meet¬ 
ing  A  B  in  D,  then  I 
fay,  B  C  will  be  double 
of  ED,  and  AB  double  of  AD,  through  D  draw 
D F,  parallel  to  AC,  meeting B C  in  F :  For  fince  by 
Conftrudtion,  DF  is  parallel  to  AC,  and  DE  paraF 
lei  to  BC;  therefore,  (by  Art.  37.)  the  Angle  BFD 

D  will 
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will  be  equal  to  the  Angle  B  C  A,  (and  by  the  fame 
Article)  the  Angle  B  C  A  will  be  equal  to  the  Angle 
D  E  A,  confequently  the  Angle  B  F  D  will  be  equal  to 
the  Angle  D  E  A  *,  alfo  (by  Art.  37.)  the  Angle  B D  F 
will  be  equal  to  the  Angle  DAE;  and  fince  D F  is 
parallel  to  E  C,  and  D  B  parallel  to  F  C,  the  quadrila¬ 
teral  D  F  C  E  will  be  a  Parallelogram ;  and  therefore 
(by Art.  66  Cor.  4.)  D  F  will  be  equal  to  E  C,  which,  by 
Conftrudtion,  is  equal  to  AE  ;  fo  in  the  two  Triangles 
BDF,  DAE,  the  two  Angles  BFD  and  BDF 
in  the  one,  are  equal  to  the  two  Angles  DBA  and 
D  A  E  in  the  other,  each  to  each  refpe&ively  and 
the  included  Side  D  F,  is  equal  to  the  included  Side 
A  E  *,  therefore,  (by  Art.  62.  Cor .  1.)  AD  will  be 
equal  to  DB,  and  confequently,  AB  double  of  AD, 
alfo  (by  the  fame)  D  E  will  be  equal  to  B  F,  but  D  E, 
is  alfo  (by  Art.  68.  Cor.  4.)  equal  to  FC;  therefore 
BF  and  EC  together,  or  BC  will  be  double  of  DE. 


G  After  the  fame 

Manner  it  may  be 
proved,  that  if  in  the 
Triangle  A  K  G, 
A  E  be  taken  equal 
to  a  third  Part  of 
A  K,  and  through 
>r  E  be  drawn  E  D, 
parallel  to  K  G,  and 
meeting  AG  in  D  *,  then  ED  will  be  equal  to  a  third 
Part  of  G  K,  and  AD  equal  to  a  third  Part  of  AG. 


Likewife  if  in  any  Tri¬ 
angle  ABC  upon  the  Side 
AB,  be  taken  A E,  equal 
to  one  fourth,  one  fifth, 
one  fixth,  &c.  of  A  B, 
and  through  E  be  drawn 
E  D  parallel  to  B  C  and 
meeting  AC  in  D  *,  then  DE  will  be  the  one  fourth, 
one  fifth,  one  fixth,  &V.  of  B  C,  and  AD  the 

like 
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like  Part  of  AC ;  and,  in  general,  if  in  any  Triangle 
ABC,  there  be  affumed  a  Point  E,  on  one  of  it’s 
Sides  A  B,  and  through  that  Point  be  drawn  a  Line 
E  D,  parallel  to  one  of  it’s  Sides  B  C,  and  meeting 
the  other  Side  AC  in  D ;  then  whatever  Part  A E 
is  of  A  B,  the  fame  Part  will  ED  be  of  BC  and 
AD  of  AC. 

Cor.  Hence  it  follows,  that  if  in  any  Triangle  ABC, 
there  be  drawn  E  D,  parallel  to  one  of  it’s  Sides  BC, 
and  meeting  the  other  two  in  the  Points  E  and  D, 
then  AE  :  AB  :  :  ED  :  BC  :  :  AD  :  AC,  that  is 
AE  is  to  AB,  as  ED  is  to  BC,  and  that  as  AD  to  AC. 
73.  If  any  two  Triangles  ABC,  abc  are  fi- 


milar,  or  have 
all  the  Angles 
of  the  one,  e- 
qual  to  all  the 
Angles  of  the 
other,  each  to 
each  reflec¬ 
tively,  that  is, 
the  Angles 


CAB  equal  to  the  Angles  cab,  and  the  Angle  ABC 
equal  to  the  Angle  abc,  and  the  Angle  A  C  B 
equal  to  the  Angle  acb;  then  the  Legs  oppofite  to 
the  equal  Angles  are  proportional  (viz.)  A  B  :  a  b : : 
AC :  ac : :  and  A  B :  ab : :  B  C :  b  c : :  and  AC :  ac : :  B  C : 
be.  On  A  B  of  the  largeft  Triangle  fet  off  AE  e- 
qual  to  a  b,  and  through  E  draw  E  D  parallel  to 
BC,  meeting  AC  in  D  •,  then  fince  DE  and  BC  are 
parallel,  and  AB  crofTing  them,  the  Angle  AED  will 
(by  Art.  37.)  be  equal  to  the  Angle  AB  C  which  (by 
Suppofition)  is  equal  to  the  Angle  abc,  alfo  the 
Angle  DAE  is  (by  Suppofition)  equal  to  the  Angle 
cab,  fo  in  the  two  Triangles  AED,  abc,  the  two 
Angles  DAE,  AED  of  the  one,  are  equal  to  the 
two  Angles  cab,  a b c  of  the  other,  each  to  each  re~ 
fpe&ively,  and  the  included  Side  A  E  is  (by  Conftruc- 
tion)  equal  to  the  included  Side  a  b  j  therefore,  (by 

Da  „  Art • 
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Art .  62.  (Ar.  1.)  AD  is  equal  to  ac,  and  DE  equal 
to  c  b;  but  fince  in  the  Triangle  ABC,  there  is 
drawn  D  E  parallel  to  B  C  one  ol  it’s  Sides,  and 
meeting  the  two  other  Sides  in  the  Points  D  and  E, 
therefore  (by  Cor.  Art.  72.)  AB:  AE::  AC:  A  D, 
and  AB:  AE::BC:DE,  and  AC:  AD::BC:DE, 
and  in  the  three  laid  Proportions,  inftead  of  the 
Tines  A  E,  D  E,  and  A  D,  putting  in  their  Equals 
a  b,  be,  and  a  c,  we  fhall  have  AB:ab::  AC:ac, 
and  AB:ab:  :BC:bc,  andlaftly,  AC:ac::BC:bc. 

74.  The  Chord,  Sine,  Tangent,  &c.  of  any 
Arch  in  one  Circle,  is  to  the  Chord,  Sine,  Tangent,^ 
&c.  of  the  fame  Arch  in  another,  as  the  Radius  ol 
the  one  is  to  the  Radius  of  the  other.  Let  ABD, 


F 


abd,  be  two  Circles,  BDbd,  two  Arches  of  thefe 
Circles,  equal  to  one  another,  or  confifting  of  the 
fame  Number  of  Degrees  5  F  D,  f  d,  the  Tangents^ 
BD,  b  dpthe  Chords,  BE,  be,  the  Sines,  &c.  ol 
thefe  two  Arches  BD,  bd,  and  CD,  c  d,  the  Ra¬ 
dii  of  the  Circles }  then  I  fay,  'C  D  :  c  d  ;  :  F  D  :  f  d, 
and  CD  :  cd  ::  BD:bd,  andCD  :  cd ::  BE:  be,  &c. 
For  fince  the  Arches  BDbd  are  equal,  .the  Angles 
BCD  bed  will  be  equal,  and  F  D  f  d,  Being  Tan¬ 
gents  to  the  Points  D  and  d,  the  Angles  CDF  c  d  1 
will  be  equal,  being  each  a  right  Angle*,  {Art.  23.) 
fo  in  the  two  Triangles  CDF  c  d  f,  the  two  Angles 
F  C  D,  C  D  F,  of  the  one,  being  equal  to  the  two 

-  •  Angles 
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Angles  fed,  c  d  f,  of  the  other,  each  to  each,  the 
remaining  Angle  C  F  D,  will  be  equal  to  the  remain¬ 
ing  Angle  cfd;  (by  Art.  61.)  therefore  the  Tri¬ 
angles  CFD  cfd  are  fimilar,  and  confequently, 
(by  Art .  73.)  C  D  :  c  d  :  :  F  D  :  f  d.  In  the  fame 
Manner  it  may  be  demonftrated,  that  C  D  :  c  d  : :  B  D : 
b  d,  and  C  D :  c  d  : :  B  E  :  b  e,  &c. 

75.  Let  ABD  be  a  Quadrant  of  a  Circle  deferi- 
bed  by  the  Radius  CD;  B  D  any  Arch  ot  it,  and 
B  A  it’s  Complement,  B  G  or  C  F  the  Sine,  C  G  or 
B  F  the  Co-Sine,  DE  the  Tangent,  and  CE  the 
Secant  of  that  Arch  BD.  Then  fince  the  1  riangles 
C  D  E,  C  G  B  are  fimilar,  or  equi-angular  it  will 


be  by  {Art.  73.)  DE:EC:: 
G  B  :  B  C,  i.  e.  the  Tangent  of 
any  Arch,  is  to  the  Secant  of 
the  fame,  as  the  Sine  of  it  is  to 
the  Radius.  Alfo  fince  D  E  : 
E  C  :  :  G  B  :  B  C,  therefore  by 
Inverting  that  Proportion  we 
have  EC  :  DE  ::  BC:GB, 
i.  e.  the  Secant  is  to  the  Tan¬ 


gent,  as  the  Radius  is  to  the  Sine  of  any  Arch. 

Again,  fince  the  Triangles  C  D  E,  CGB  are  fi¬ 
milar,  therefore  (by  Art.  73.)  it  will  be  CD  :  CE  : : 
C  G  :  C  B,  /.  e.  as  the  Radius  is  to  the  Secant  of  any 
Arch,  fo  is  the  Co-Sine  of  that  Arch  to  the  Radius. 
And  by  inserting  the  Proportion  we  have  this,  viz. 
As  the  Secant  of  any  Arch  is  to  the  Radius,  fo  is  the 
Radius  to  the  Co-fine  of  that  Arch. 

76.  In  all  Circles  the  Chord  of  60  is  always  equal 

in  Length  to  the  Radius.  ^ - 

Thus  in  the  Circle  A  E  B  D, 

if  the  Arch  AEB  be  an  Arch  f  J  V\ 

of  60  Degrees,  then  drawing  Dr - 

the  Chord  ,  A  B,  I  fay  A  B  \  ^  J 

fhall  be  equal  to  the  Radius  .  / 

CB  or  ACj  for  in  the  Tri- 

p  3  angle 
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angle  AC  B,  the  Angle  AC  B  is  60  Degrees,  being 
meafured  by  the  Arch  A  E  B  ;  therefore  the  Sum 
of  the  other  two  Angles  is  120  Degrees,  (by  Cor.  1. 
of  6 1  ft)  but  fince  A  C  and  C  B  are  equal  to  the  two 
Angles  CAB,  CB A  will  alfo  be  equal ;  confequently 
each  of  them  half  their  Sum  120,  viz.  60  Degrees; 
therefore  all  the  three  Angles  are  equal  to  one  ano¬ 
ther,  confequently  all  the  Legs,  therefore  A  B  is 
equal  to  C  B. 

Cor.  Hence  the  Radius  from  which  the  Lines  on 
any  Scale  are  formed,  is  the  Chord  of  60  on  the 
Line  of  Chords. 

Having  thus  gone  thro5  the  Theorems  of  Geome¬ 
try,  that  are  neceflary  for  the  Knowledge  of  Navi¬ 
gation-,  we  fhall  next  proceed  to  fome  Problems 
that  are  ufeful  for  the  Pra&ice  of  that  Art. 

Geometrical  Problems. 

Prcb.  TT5'  ROM  a  Point  C  in  a  given  Line  A  B  to 
j.  J  y  raife  a  Perpendicular  to  that  Line. 

Rule.  From  the  Point  C  take  the  equal  Diftances 
CB,  CA  on  each  Side  of  it.  Then  ftretch  the 
.  t  Compares  to  any  Diftance  great- 

£j..  er  than  C  B  or  C  A,  and  with 

/  j  \  one  Foot  of  them  in  B,  fweep 

E  |  H  the  Arch  E  F  with  the  other  ; 

I  again,  with  the  fame  opening, 

,  1  — -  and  one  Foot  in  A,  fweep  the 

AC  B  Arch  G  H  with  the  other,  and 
thefe  two  Arches  will  interfecl  one  another  in  the 
Point  D  ;  then  join  the  given  Points  C  and  D  with 
the  Line  C  D,  and  that  fliall  be  the  Perpendicular 
required. 

2.  To  divide  a  given  right  Line  A  B  into  two 
equal  Parts  *,  that  is,  to  bifeft  it. 

Rule.  Take  any  Diftance  with  your  Compaftes  that 
yon  are  fure  is  greater  than  half  the  given  Line  *,  then 

fetting 
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C' 


:L 


-B 


:J> 


fetting  one  Foot  Of  them  in  B, 
with  the  other  fweep  the  Arch 
DFC-,  and  with  the  fame  / 

Diftance  and  one  Foot  in  A, 
with  the  other  fweep  the  Arch  \ 

CED  ;  thefe  two  Arches 
will  interfedt  one  another  in  J 

the  Points  C,  D,  which  join’d 
by  the  right  Line  D  C  will  bifedt  A  B  in  G. 

3.  From  a  given  Point  D,  to  let  fall  a  Perpendi¬ 
cular  on  a  given  Line  A  B. 

Rule.  Set  one  Foot  of  the  Compares  in  the  Point 
D,  and  extend  the  other  to  any  Diftance  greater 
than  the  leaft  Diftance  between  the  given  Point 
and  the  Line,  and  with  that  D 

Extent  fweep  the  Arch  A  E  B, 
cutting  the  Line  in  the  two 
Points  A  and  B,  then  (by  the 
laft  Problem)  bifedt  the  Line 
A  B  in  the  Point  C,  laftly  join 
C  and  D,  and  that  Line  C  D  is 
the  Perpendicular  required. 

4.  Upon  the  End 
B  of  a  given  right 
Line  B  A ,  to  raife  a 
Pependicular. 

Rule.  Take  any 
Extent  in  yourCom-t 
pafies,  and  with  one 

Foot  in  B  fix  the  o-  A - - 

ther  in  any  Point  C,  >  , 

without  the  given  Line,  then  with  one  Point  or  tne 
Compafies  in  C,  defcribe  with  the  other,  the  Cii  c  e 
E  B  D,  and  thro’  E  and  C  draw  the  Diameter  E  C  U 
meeting  the  Circle  in  D-,  join  D  and  B,  and  the 
fight  Line  DB  is  that  required *,  for  EBD  is  a  rignt 
Angle  (by  Cor.  4.  of  63). 


A  - . .  .1  £.:•*'£ 
* v 

\  • 


D  4 


To 


— 
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5.  To  draw  one  Line  parallel  to^  another  given 
Line  A  B,  that  fhall  be  diftant  from  one  another  by 
any  given  Diftance  D. 

Rule.  Extend  your  Compaffes  to  the  given  Di¬ 
ftance  D ;  then  fetting  one  Foot  of  them  in  any  Point 
of  the  given  Line  (fuppofe  A)  with  the  other  fweep 
the  Arch  F  C  G  •,  again,  at  the  fame  Extent,  and 
one  Foot  in  any  other  Point  of  the  given  Line  B  fweep 
the  Arch  HDK,  and  draw  the  Line  C  D  touching 
them,  and  that  will  be  parallel  to  the  given  Line 
A  B,  and  diftant  from  it  by  the  Line  D  as  was  re¬ 
quired. 

A.  B 


C 


D 


6.  To  divide  a  given  Line  A  B  into  any  Num¬ 
ber  of  equal  Parts,  fuppofe  7. 

Rule.  From  the  Point  A  draw  any  Line  A  D, 
making  an  Angle  with  the  Line  A  B,  then  thro5  the 
point  B  draw  a  Line  B  C  parallel  to  A  D ;  and  from  A , 

with  any  fmall 
j  opening  of  the 
Compafies,  fet 
off  a  Number  of 
equal  Parts  (on 
the  Line  AD) 
lefs  by  one 
than  the  propof- 
ed  Number  (here 
6.);  then  from  B 
fet  off  the  fame  Number  of  the  fame  Parts  on  the 
Line  B  C,  laftly,  join  6  and  1,  2  and  5,  3  and  4, 

4  and 
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4  and  3,  5  and  2,  6  and  1,  and  thefe  Lines  will 'cut 

the  given  Line  as  required. 

7.  To  quarter  a  given  Cir¬ 
cle,  or  to  divide  it  into  four 
equal  Parts. 

Rule.  Thro’  the  Centre  C  ^ 
of  the  given  Circle  draw  a  Di¬ 
ameter  A  B,  then  upon  the 
Point  C  raife  a  Perpendicular 
DCE  to  the  Line  A  B  •,  and 

thefe  two  Diameters  A  B  and  D  E  fhall  quarter  the 
Circle. 

8.  Thro’  three  given  Points  A,  B,  and  D  to  draw 
a  Circle.  ( Note ,  the  three  Points  muft  not  lie  in  the 
fame  {freight  Line.) 

Rule.  Join  A  and  B  alfo  B  and  D  with  the  {freight 
Lines  AB,  B  D,  then  by  Prob.  2.  bifeft  A  B  with 
the  Line  E  C,  alfo  B  D  with  the  Line  F  C,  which  two 
Lines  will  cut  one  another 
in  fome  Point  C,  that  is  the 
Centre  of  the  Circle  re¬ 
quired  ;  then  fixing  one 
Point  of  your  Compaffes  in 
D,  and  ftretching  the  o- 
ther  to  A,  defcribe  the 
Circle  ABDG,  which  will 
pafs  thro*  the  three  Points 
given.  The  Reafon  of  this 
is  plain  from  Cor.  1 .  of  Art. 

65. 

9.  From  the  Point  A  of  the  given  Line  A  B,  to 
draw  another  Line  (fuppofe  A  C)  that  fhall  make 
with  A  B  an  Angle  of  any  Number  of  Degrees,  fup¬ 
pofe  45. 

Rule.  Let  the  given  Line  A  B  be  produced,  then 
take  off  your  Scale  the  Length  of  the  Chord  of  60 
Degrees,  which  is  equal  to  the  Radius  of  the  Circle 

the  Scale  was  made  for  (by  Art,  76.).  And  fetting  one 

Foot 


D 


E 
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Foot  in  A,  with  the  other  fweep  the  Arch  B  C ;  then 
with  your  Compares  take  from  your  Scale  the  Chord 
of  45  Degrees,  and  fet  off  that  Diftance  from  B  to  C. 
Laftly  join  A  and  C,  and  the  Line  A  C  is  that  re¬ 
quired.  For  the  Angle  CAB,  which  is  meafured 
by  the  Arch  B  C,  is  an  Angle  of  45  Degrees  as  was 
required. 

\C 

X 

10.  An  Angle  B  AC  being  given,  to  find  how 
many  Degrees  it  contains. 

Rule .  With  your  Compaffes  take  the  Length  of 
the  Chord  of  60  from  your  Scale.  Then  fetting  one 

Foot  of  them  in 
A,  with  the  other 
fweep  the  Arch 
B  C,  which  is 
the  Arch  compre¬ 
hended  between 
the  two  Legs  A  B, 
A  C  produced  if  needful.  Laflly,  take  with  you 
Compaffes  the  Difiance  B  C,  and  applying  it  to 
your  Line  of  Chord  on  the  Scale,  you’ll  find  how 
many  Degrees  the  Arch  B  C  contains,  and  confe? 
quently  the  Degrees  of  the  Angle  B  A  C  which  was 
required. 

1 1 .  Three  Lines  # ,  y ,  and  2:  being  given,  to  form 
a  Triangle  of  them,  but  any  two  of  thefc  Lines 
taken  together,  muft  always  be  greater  than  the^ 
third. 


Rule . 
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Rule .  Make  any  one  of  them,  as  #,  the  Bafe;  then 
with  your  Compares  take  another  of  them,  as  z9 
and  fetting  one  Foot  in  one  End  of  the  Line  as 
B  with  the  other  fweep  the  Arch  D  E  •,  and  taking 
with  your  Compares  the  Length  of  the  other  y,  fet 
one  Foot  of  them  in  A,  the  other  End  of  the  Line  x, 
and  with  the  other  fweep  the  Arch  F  G,  which 
will  cut  the  other  in  C  *,  laftly,  join  C  A  and  C  B, 
and  the  Triangle  C  A  B  is  that  required. 

X 

- - ¥ — 

— ? — 


A* 

12.  To  make  a  Triangle  having  one  of  it  s  Legs 
of  any  Number  of  equal  Parts  (fuppofe  1 60),  and  one 
of  the  Angles  at  that  Leg  50  Degrees  and  the  other 

Rule.  Draw  an  indefinite  Line  ED,  then  take  off 
the  Line  of  equal  Parts  with  your  Compafies ;  160 
of  them,  and  fet  them  on  the  indefinite  Line,  as 
B  C ;  then  (by  Prob.  9.)  draw  B  A  making  the  Angle 
ABC  of  50  Degrees,  and  by  the  fame,  draw  from 
C  the  Line  AC,  making  the  Angle  A  C  B  of  44 
Degrees ;  which  twp  Lines  will  meet  one  another  in 
A,  and  the  Triangle  A  B  C  is  that  required. 
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13.  Upon  a  given  Line  A  B  to  make  a  Square** 

Rule.  Upon  the  Extremity  A  of  the  given  Line 

AB,  raife  a  perpendicular  A  C  (by  Prob.  4.);  then 

take  A  C  equal  to  A  B, 
and  with  that  Extent,  bet¬ 
ting  one  Foot  of  the  Com- 
palTes  in  C,  fweep  with 
the  other  Foot  the  Arch 
G  H,  then  with  the  fame 
Extent  and  one  Foot  in  B, 
with  the  other  fweep  the 
Arch  E  F,  which  will 
meet  the  former  in  fome 
Point  D ;  laftly,  join  C  and  D,  D  and  B,  and  the 
Figure  ABDC  will  be  the  Square  required. 

14.  On  a  given  Line  A  B  to  draw  a  Rhomb  that 
fhall  have  one  of  it’s  Angles  equal  to  any  Number 
of  Degrees,  fuppofe  60  Degrees. 

Rule.  From  the  Point  A  of  the  given  Line  A  B  draw 
the  Line  AC,  making  the  Angle  C  A  B  of  60  Deg.  (by 
Prob.  9.)  then  take  AC  equal  to  A  B,  and  with 
that  Extent  fixing  one  Foot  of  the  CompafTes  in  B, 
with  the  other  defcribe  the  Arch  G  H,  and  at  the 
fame  Extent  fixing  one  Foot  of  the  CompafTes  in  C, 
with  the  other  defcribe  the  Arch  E  F  cutting  the' 
former  in  D ;  laftly,  join  C  D  and  D  B  and  the  Fi¬ 
gure  A  C  D  B  is  that  required. 


G\ 


15.  Given 
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1 5.  Given  two  Lines  x  and  2,  of  thefe  two  to  make 
a  Rectangle. 

Rule.  Draw  a  Line,  as  A  B,  equal  in  Length  to  on 
of  the  given  Lines  x,  and  on  the  Extremity  A  of  that 
Line  raile  a  Perpendicular  A  C,  on  which  take  A  C 
equal  to  the  other  Line  z  ;  then  take  with  your  Com- 
palfes  the  Length  of  the  Line  A  B,  and  at  that  Extent 
fixing  one  Foot  of  them  in  C,  with  the  other  fweep 
the  Arch  E  F ;  and  alfo  taking  with  your  Compafles 
the  Extent  of  the  Line  A  C,  fix  one  Foot  of  them  in  B 
and  with  the  other  fweep  the  Arch  G  FI,  which  will 
meet  the  former  in  D ;  laftly,  join  C  D  and  B  D,  and 
the  Figure  A  B  D  C  will  be  that  required. 

X 

|  \  . 


Z 


1 6.  Two  Lines  x  and  z  being  given,  of  thefe  to 
form  a  Rhomboides  that  fhall  have  one  of  it  s  Angles 

any  Number  of  Degrees,  fuppofe  50. 

Rule.  Draw  a  Line  A  B  equal  in  Length  to  one  or 
the  Lines  as  x,  then  draw  the  Line  A  C,  making  with 
the  former  the  Angle  BAG  equal  to  the  propofed, 
fuppofe  50  Degrees,  and  on  that  Line  take  A  C  equal 
to  the  given  Line  z  then  with  your  Compares  take 
the  Length  of  A  B,  and  fixing  one  Foot  in  C  fweep 
the  Arch  E  F;  alfo  taking  the  Length  of  AC 

and  fetting  one  Foot  in  B,  with  the  other  fweep  the 
°  "  Arch 


.. 


Arch  G  H,  which  will  cut  the  former  in  D ;  then 


E‘ 


G 


C 


D 


H 


join  CD  and  DB,  fo  the  Figure  ACDB  will  be  that 


required. 


SECT.  II. 


Of  Plain  Trigonometry,  Right  and  Oblique 

Angled. 

i.  T)LAIN  TRIGONOMETRT  is  that  Sci- 

JL  ence  by  which  we  meafure  the  Sides  and  An¬ 
gles  of  plain  Triangles. 

2.  Since  Triangles  are  either  right  or  oblique  an¬ 
gled;  therefore  Trigonometry  is  commonly  divided 
into  two  kinds,  viz.  Rett  angular  and  Oblique-angular ; 
and  firit  we  fhall  treat  of  Rectangular . 

3.  In  any  right-angled  Triangle  as  ABC,  if  the 
Hypothenule  be  made  the  Radius,  and  with  that  a 
Circle  be  defcribed  011  the  one  End  A  as  a  Centre  *, 
then  ’tis  plain  that  B  C  will  be  the  Sine  of  the  Angle 
B  AC  (by  Art.  21.  of  Sett .  X.) ;  and  if  with  the  fame 


Diftance, 
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Diftance,  and  on  B  as  a 
Centre,  a  Circle  be  de¬ 
ferred,  ’tis  plain  that 
AC  will  be  the  Sine  of 
the  Angle  A  B  C  *  there-  • 
fore,  in  general,  if  the  % 

Hypothenufe  of  a  rigt- 
angled  Triangle  be  made  Akfy 
the  Radius,  the  two  Legs 
will  be  the  Sines  of  their 
oppofite  Angles. 

4.  If  in  a  right-angled  Triangle  PEF,  one  of 
the  Legs,  as  D  F,  be  made  the  Radius,  and  on  the 
Extremity  D  (at  one  of  the  oblique  Angles,  viz. 
that  which  is  formed  by  the  Hypothenufe  and  the 
Leg  made  Radius)  as  a  Centre,  a  Circle  be  deferibed 5 
?tis  plain,  that  the  other  Leg  E  F  will  be  the  Tan¬ 
gent  of  the  Angle  at  D,  and  the  Hypothenufe  D  E 
will  be  the  Secant  of  the  fame 
Angle  (b y  Art.  24,  25,  and  67  of 
Sect.  I.)  The  fame  way,  making 
the  Leg  E  F  the  Radius,  and  on 
the  Centre  E  deferibing  a  Circle, 
the  other  Leg  D  F  will  become 
the  Tangent  of  the  Angle  at  E, 
and  the  Hypothenufe  D  E  the 
Secant  of  the  fame. 

5.  It  has  been  already  fhewn,  at  Art.  74.  of  Se5i.  I. 
that  the  Chord,  Sine,  Tangent,  &c.  of  any  Arch,  or 
Angle,  in  one  Circle,  is  proportionable  to  the  Chord, 
Sine,  Tangent,  &c.  of  the  fame  Arch  in  any  other 
Circle ;  from  which,  and  the  two  foregoing  Articles, 
the  Solutions  of  the  feveral  Cafes  of  rectangular  Tri¬ 
gonometry  naturally  follow. 

6.  Since  Trigonometry  confifts  in  determining 
Angles  and  Sides  from  others  given,  there  arifes  va¬ 
rious  Cafes,  which  are  feven  in  rectangular  and  fix 
in  oblique-angular  Trigonometry. 

We 


Tj 


rnamemm 
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We  .(hall  now  proceed  to  the  Solution  of  the  leven 
Cafes  of  rectangular  Trigonometry. 


CASE  i. 


Hoe  Angles  and  one  of  the  Pegs  given,  to  find  the  other 
Peg. 

Example .  In  the  Triangle  ABC  right-angled  at 
B,  fuppofe  the  Leg  A  B,  86  equal  Parts*  (as  Feet, 
Yards,  Miles,  &c.)  and  the  Angle  A  33  °,  40^  re¬ 
quired  the  other  Leg  B  C  in  the  fame  Parts  with 

AB. 


Geometrically. 


\  C 


Draw  A  B  equal  to  8  6,  from  any  Line  of  equal 
Parts,  then  (by  Proh.  4.  of  Setf.  I.)  upon  the  Point 

B,  ereCt  the  Perpendicular 
B  C ;  laftly,  from  the  Point 
A  draw  the  Line  A  C,  ma¬ 
king  with  A  B  an  Angle 
equal  to  330, 40  p  and  that 
Line  produced  will  meet 
B  C  in  C,  and  fo  confti- 
tute  the  Triangle.  The 
*  .  :  ;  Length  of  B  C  may  be 

’  *  - . .  •  '  found  by  taking  it  in  your 

Compares,  and  applying 
it  to  the  fame  Line  of  equal  Parts  that  AB  was  takeiv 
from. 


*  / 
A  <- — 


T> 

£> 


By  Calculation . 

Firft  by  making  the  Hypothenufe  A  C  Radius, 
the  other  two  Legs  will  be  the  Sines  of  their  oppo- 
fite  Angles  (by  Art.  3.  of  this)  viz.  AB  the  Sine  of 
C,  and  C  B  the  Sine  of  A  •,  now  fince  (by  Art.  74. 
of  Sett.  I.)  the  Sine,  Tangent,  &c.  of  any  Arch  in 

one 


V 


/ 
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one  Circle  is  proportionable  to  the  Sine,  Tangent, 
13  c.  of  the  fame  Arch  in  any  other  Circle,  ’tis  plain 
the  Sines  of  the  Angles  A  and  C  in  the  Circle  de¬ 
scribed  by  the  Radius  A  C,  mull  be  proportional  to 
the  Sine  of  the  fame  Arches  or  Angles,  in  the  Circle, 
that  the  fecond  Table  at  the  End  of  this  Book  was 
calculated  for *  fo  the  Proportion  for  finding  B  C 
will  be 

5*  C  :  A  B  : :  S,  A  :  B  C  • 
i.  e.  as  the  Sine  of  the  Angle  C  in  the  Tables,  is  to 
the  Length  of  A  B  (or  Sine  of  C  in  the  Circle  whofe 
Radius  is  A  C)  fo  is  the  Sine  of  the  Angle  A  in  the 
Tables,  to  the  Length  of  B  C  (or  Sine  of  the  fame 
Angle  in  the  Circle  whofe  Radius  is  AC); 

Now  the  Ahgle  A  being  33°,  40k  the  Angle  C 
muft  be  56°,  20*  (by  Art.  61.  Cor.  2.  Sebf.  I.)*  there¬ 
fore  .looking  in  the  fecond  Table  at  the  End  of  this 
Book  for  the  Sines  of  the  two  Angles,  and  in  the 
firft  for  the  Logarithm  of  86  the  given  Leg,  we 
fhall  find  by  proceeding  according  to  the  foregoing 
Proportion,  (and  by  Prob.  3.  in  Art.  71 .  Sebf.  I.)  that 
the  required  Leg  B  C,  is  57.28  *  and  the  Operation 
will  Land  as  follows : 

1.93450  A  B  86 

9-7438°  S,  A  330,  40 •' 

I  I.6783O 

9.92027  S,  C  56°,  20* 

i. 75803  B  C  57.28 

idly.  Making  A  B  the  Radius*  ’tis  plain  B  C ,  the 
Leg  required,  will  be  the  Tangent  of  the  given 
Angle  A  (by  the  4th.  of  this),  and  fo  the  Propor¬ 
tion  for  finding  B  C,  when  A  B  is  made  the  Radius, 
will  be, 

R  :  T,  A  i  :  A  B  :  B  C  5 

/.  e.  as  the  Radius  in  the  Tables,  is  to  the  Tangent 
of  the  Angle  A  in  the  fame,  fo  is  the  Length  of  B  A, 

E  ,  or 
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or  Radius  in  the  Scheme,  to  the  Length  of  B  C  or 
Tangent  of  A  in  the  Scheme ;  therefore  looking  in 
the  Tables  for  the  Parts  given  in  the  foregoing  Pro¬ 
portion,  and  proceeding  with  them  according  to 
that  Rule,  wre  lhall  find  B  C  to  be  57.28  as  before, 
and  the  Operation  will  be  as  follows : 


9.82352  T,A  330,  40' 
1  *9345°  A  B  86 


1 1.75802 

10.00000  Rad.  90° 


1.75802  B  C  57.28 

,  *  * 

Laftly,  by  making  BC,  the  Leg  required,  the9" 
Radius,  ’tss  plain  that  A  B  will  be  the  Tangent  of 
C,  and  the  Proportion  for  finding  B  C  will  be  as 
follows: 

*  ^ 

T,  C  :  R  :  :  A  B  :  B  C  -f ' 


i.  e.  as  the  Tangent  of  C 
is  to  Radius  -  -  - 

fo  is  the  Length  of  A  B  - 


to  the  Length  of  B  C 


56°,  20;  .  10.17648 
90°  -  10.00000 

86  -  >  1-93450 

•  11 -9345° 

IO.I7648 

N  ■  —  — ■  <1—  — —  ■■ 

57.28  -  1.75802 


CASE  2. 


Ehe  Angles  and  one  of  the  Legs  given ,  to  find  the 
Hypothenufe. 

Example.  In  the  Triangle  ABC,  fuppofe  A  B 
124,  and  the  Angle  A  340,  20 1  confequently  the 
Angle  C  550,  40',  required  the  Hypothenufe  AC,  in 
the  fame  Parts  with  A  B. 


Geometrically . 


Plain  Trigonometry  ', 
Geometrically. 


This  Cafe  is  conftruft- 
td  after  the  fame  Man¬ 
ner  with  the  former,  and 
the  Hypothenufe  A  C  is 
found  by  taking  it’s 
Length  in  your  Compaf- 
fes,  and  applying  that  to 
the  fame  Line  of  equal 
Parts  you  took  AB  from. 


By  Calculation. 

i /?,  By  making  A  C  the  Radius  we  fhall  have  the 
following  Proportion  for  finding  A  C,  viz . 

S,  C  :  R  :  :  AB  :  AC 

i.  e.  as  the  Sine  of  C  550*  40^  9.91686 

is  to  Radius  -  -  -  -  90  -  10.00000 

fo  is  A  B  -  -  -  -  124  -  -  2.09342 

to  AC  -  *  -  *  i5°-2  ~  "  2.17656 


2 dly.  Making  A  B  the  Radius  we  have  this  Pro¬ 
portion,  viz. 

R  :  Sec.  A  :  :  A  B  :  A  G 


i.  e.  as  Radius  -  -  90°  -  -  10.00000 

is  to  the  Secant  of  A  -  340,  zo;  -  10.08314 

foisAB  -  -  -  -  -  124  -  -  2.09342 

to  AC  -  -  .  -  ~  15O'2  ‘  2.17656 

This  may  be  done  without  the  Help  of  the  Se¬ 
cants  *,  for  fince  (by  Art.  75.  Sett.  I.)  R  :  Sec.  :  : 
Co-S  :  R  *,  therefore  the  former  Proportion  will  be¬ 
come 

Co-S,  A  :  R  :  :  A  B  :  A  C 
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i.  e.  as  the  Co-Sine  of  A  34°,  20^  -  9.91686 
is  to  the  Radius  -  -  -  90°  -  10.00000 

foisAB  -  -  -  -  1 24  -  -  2.09342 

to  AC  -----  150.2  -  2.17656 

3 dly,  Making  B  C  the  Radius,  we  have  the  fol¬ 
lowing  Proportion,  viz. 

T,  C  :  Sec.  C  :  :  AB  :  AC; 

i.  e.  as  the  Tangent  of  C  550,  40'  10.16558 
is  to  Sec.  C  -  -  -  -  550,  40'  10.24872 
foisAB  -  -  -  -  -  124  -  2.09342 

to  A  C  -----  150.2  -  2.17656 

This  likewife  may  be  done  without  the  Help  of 
Secants,  for  fince  (by  Art.  75.  Sett.  I.)  T,  :  Sec.  :  : 
S,  :  R  ;  therefore  the  former  Analogy  will  be  re¬ 
duced  to  this,  viz. 

S,  C  :  R  :  :  A  B  :  A  C 

where  no  Secants  do  appear,  and  it  coincides  with 
that  in  the  firft  Suppofition  of  this  Cafe,  fo  we  dial! 
not  repeat  the  Operation. 

CASE  3. 

The  Angles,  and  Hypothenufe  given ,  to  find  either  of 
the  Legs. 

Example.  In  the  Triangle  ABC,  fuppofe  the  Hy- 
pothenufe  AC  146  equal  Parts,  and  the  Angle  A 
36°,  25^,  confequently  the  Angle  C  53 35  L  re¬ 
quired  the  Leg  A  B. 

Geometrically. 

Draw  the  Line  A  B  at  Pleafure,  and  make  the 
Angle  BAG  equal  to  36°,  25^,  (b  y  Prch.  9.  Sett.  I.) 
then  take  AC  equal  to  146  from  any  Line  of  equal 

Parts  j 
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Parts ;  laftly,  from  the  Point  C  let  fall  the  Perpendi¬ 
cular  CB  on  the  Line  AB.  So  the  Triangle  is  con- 
itru&ed,  and  A  B  may  be  meafured  from  the  Line 
of  equal  Parts. 


V 


By  Calculation. 

1 ft.  Making  A  C  the  Radius  we  fhall  have  the 
Following  Proportion,  viz, 

R  :  S,  C  ::  AC  :  ABj 

i,  e.  as  Radius  -  -  -  90°  -  -  10.00000 

is  to  the  Sine  of  C  -  53°->  351  ~  9-9°5^5 

ibis  AC  -----  146  -  -  2.16435 
toAB  -  -  -  -  -  117-5  -  -  2.07000 

.  •  ^  •  4  *  ' 

2 dly9  Making  A  B  the  Radius,  we  have  the  fol¬ 
lowing  Analogy,  viz. 

Sec.  A  :  R  : :  A  C  :  A  B  j 

i.  e.  as  the  Secant  of  A  -  36°,  25'  10.09435 

is  to  Radius  90  -  io.qoooo 

foisAC  -  -  -  -  -  146  -  2.16435 

toAB  -  -  -  -  -  117*5  -  2.07000 

This  may  be  done  without  the  Help  of  Secants,  for 
fince  (by  Art.  75.  Seft.  I.)  Sec.  :  R  :  :  R  :  Co-S  *, 
therefore  the  former  Proportion  may  be  reduced  to 
this,  viz. 
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R  :  Co-S,  A  :  :  A  C  :  A  B 
which  is  the  fame  with  the  Proportion  in  uhe  firlt 
Suppofition. 

3  dly9  By  fuppofing  B  C  the  Radius,  we  have  the 
following  Proportion,  viz. 

Sec.  C  :  T,  C  : :  A  C  :  A  B 
i.  e.  as  the  Secant  of  C  530,  35 1 

is  to  the  Tangent  of  C  53  35' 

fo  is  AC  -  -  -  -  -  146 

toAB  .  -  -  -  -  117.5 


10.22647 
10.132 12 
2.16435 
2,07000 


CASE  4, 


The  two  Legs  being  given ,  to  find  the  Angles . 
Example.  In  the  Triangle  ABC,  fuppofe  A  B 
94  and  B  C  56,  required  the  Angles  A  and  C. 

Geometrically . 

'  1 

Draw  A  B  equal  to  94,  from  any  Line  of  equal 
Parts,  then  from  the  Point  B  raife  B  C,  perpendicu¬ 
lar  to  AB  (by  Prob.  4.  Sett.  I.)  and  take  B  C,  from 

the  former  Line  of  equal  Parts 
equal  to  56  j  Lilly,  join 
the  Points  A  and  C  with  the 
Pbrait  Line  A  C,  fo  the  Tri- 
]3  angle  is  conftrudled,  and  the 
Angles  may  be  meafured  by 


By  Calculation. 

t /,  Suppofing  A  B  the  Radius,  we  have  this  A- 
nalogy,  viz. 


AB  :  BC 

i.  e.  as  A  B  -  -  - 

is  to  B  C  -  -  - 

fo  is  the  Radius  -  - 

to  the  Tangent  of  A 


R  :  T,  A 


94 

56 

90' 


-  -  -  I-973I3 

-  -  -  1.74819 

-  -  10.00000 

47/ . .  9.77506 

2 
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2  dly,  Making  B  C  the  Radius,  we  have  this  Prop 
portion,  viz. 

BC  :  B  A  : :  R  :  T,  C 


i.  e.  as  B  C  ‘  - 
is  to  A  B  -  -  - 

fo  is  the  Radius  - 
to  the  Tangent  of  C 


‘  56 

-  94 
90° 

J3} 


59°y 


1.748 19 

I-973I3 

10.00000 

10.22494 


CASE  5. 


The  Hypothenufe ,  and  one  of  the  Legs  given ,  to  find 
the  Angles. 

Example.  In  the  Triangle  D  E  F,  fuppofe  the 
Leg  DE  83,  and  the  Hypothenufe  D  F  126,  re^ 
quired  the  Angles  D  and  F, 

Geometrically. 

Draw  the  Line  DE  83,  from  any  Line  of  equal 
Parts ;  and  from  the  Point  E  raife  the  Perpendicular 
E  F,  then  take  the  Length  of  XT 

D  F  126,  from  the  fame  Line 
of  equal  Parts,  and  fetting  one 
Foot  of  your  Compaffes  in  D, 
with  the  other  crofs  the  Per¬ 
pendicular  E  F  in  F ;  laftly, 
join  D  and  F,  fo  the  Triangle 
is  conftru&ed,  and  the  Angles 
may  be  pneafured  by  Proh.  10. 

Seff.  I, 

By  Calculation. 

1 -ft.  Making  DF  the  Radius,  we  have  this  Pro* 
portion,  viz. 

DF  :  DE  ::  R  :  S,  F 


«••••« 


E  4 


1.  e. 
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**/.  e.  as  D  F  -  -  -  12 6  -  2.10037 

istoDE  -  -  -  -  83  -  -  -  1.91908 

fo  is  the  Radius  -  -  90°  -  -  10.00000 

to  the  Sine  of  F  r  -  410,  12^  -  9.81871 


2 dly^  By  fuppofing  D  E  the  Radius,  we  have  the 
following  Analogy,  viz. 

D  E  :  D  F  :  :  R  :  Sec.  D  ; 

i.  e.  as  D  E  -  -  -  83  -  -  -  1.91908 

is  to  D  F  x  -  -  -  126  -  2.10037 

fo  is  the  Radius  -  -  90^  -  -  10.00000 

to  the  Secant  of  D  -  48°,  48 f  -  -  10.18129 


This  may  be  done  without  the  Help  of  Secants, 
for  fince  by  Art.  75.  Sett.  I.  R  :  Sec.  :  :  Co-S,  1  R  ^ 
therefore  the  preceding  Analogy  will  become  this, 
viz. 

D  F  :  D  E  : :  R  :  Co-S,  D 

in  which  no  Secants  do  appear  *,  and  it  plainly  co¬ 
incides  with  the  Proportion  deduced  from  the  firft 
Suppofition. 


CASE  6. 

The  two  Legs  given ,  to  find  the  Hypo  them  fie. 
Example.  In  the  Triangle  ABD,  fuppofe  the  Leg 
AB,  64,  and  BD,  56,  required  the  Hypothenufe. 


Geometrically. 


The  Conftrudiion  of  this  Cafe  is  performed  the 
**  -  D  fame  Way  as  in  the  fourth  Cafe,  and 


A" 


two  Legs  were  taken  from. 


\  the  Length  of  the  Hypothenufe 
A  B  is  found  by  takingiit  in  your 
•  Compaffes,  and  applying  :  if  to  the 
fame  Line  of  equal  Pait«B|aLthe 


B 


GjB  w* 

Wm  1  Ty 
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By  Calculation, 


57 


This  Cafe  being  a  Compound  of  the  4 th  and  id 
Cafes,  we  muft  firft  find  the  Angles  by  the  4 th  thus : 

A  B  :  D  B  :  :  R  :  T,  A  j 


i.  e.  as  the  Leg  A  B  - 
is  to  the  Leg  D  B  -  - 

fo  is  the  Radius  -  - 

to  the  Tangent  of  A 


-  64  - 

-  1. 80618 

-  56  - 

-  1.74819 

90°  - 

-  10.00000 

41°,  11' 

-  9.94201 

Then  by  the  2 d  Cafe  we  find  the  Hypothenufe 
required  thus : 


S,  A;R::BD:  AD 


i.  e,  as  the  Sine  of  A  -  410,  -  9.81854 

is  to  the  Radius  -  -  -  -  90°  -  -  10.00000 
fo  is  the  Leg  B  D  -  -  -  56  -  -  1,74819 
to  the  Hypothenufe  A  D  85.05  -  -  1*92965 

*  '  k 

This  Cafe  may  alfo  be  folved  after  the  following 
Manner,  viz. 

F rom  twice  the  Log.  of  the  greater  Side  AB  3.61236 
fubtradb  the  Log.  of  the  lefier  Side  B  D  -  1  •  74^J_9 

and  there  remains  -  -  -  -  -  ~  “  1*86417 

the  Logarithm  of  73.1 5  ;  to  which  adding  the  lefier 
Side  BD,  we  fhall  have  189.15  whofeLog.  is  2.1 1093 
to  which  add  the  Log.  of  the  lefier  Side  BP  1.74819 

and  the  Sum  will  be  ------  3.85912 

the  half  of  which  is  -  -  -  -  -  q  1  *9 295^ 

the  Logarithm  of  the  Hypothenufe  required. 

Or  it  may  be  done  by  adding  the  Squares  of  the 
two  Sides  together,  and  taking  the  Logarithm  oi 
that  Sum,  the  Half  of  which  is  the  Logarithm  01  the 
Hypothenufe  required  thus  in  the  prefent  Cafe : 


j8  Plain  Trigonometry . 

the  Square  of  A  B  (64)  is  -  -  -  -  -  4096 

the  Square  of  B  D  (56)  is  -  -  -  3x36 


the  Sum  of  thefe  Squares,  is  -  -  -  -  7232 

the  Logarithm  of  which,  is  -  -  -  -  3.85926 
the  Half  of  which,  is  -  -  -  -  -  -  1*92963 


the  Logarinthm  of  85.05  the  Length  of  the  Hypo- 
thenufe  required. 

CASE  7. 

The  Hypothenufe  and  one  of  the  Legs  given ,  to  find 
the  other  Leg. 

Example .  In  the  Triangle  B  G  D,  fuppofe  the 
LegBG  87,  and  the  Hypothenufe  BD  142,  re¬ 
quired  the  Leg  D  G. 

Geometrically . 

The  Conftru&ion  here  is  the  fame  as  in  Cafe  5th, 
the  fame  Things  being  given  *  and  the  Leg  D  G  is 


found  by  taking  it’s  Length  in  your  CompafTes,  and 
applying  that  to  the  fame  Line  of  equal  Fan*,  the 
others  were  taken  from. 

’  By 
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By  Calculation. 

)  • 

The  Solution  of  this  Cafe  depends  upon  the  1 ft 
and  5th,  and  firft  we  mull  find  the  oblique  Angles 
by  Cafe  ph  thus : 

D  B  :  B  G  : :  R  :  S,  D 

i.  e.  as  the  Hypoth.  D  B  -  142  -  *  2.15229 

is  to  the  Leg  BG  -  -  87  -  -  i-9!$52 

fo  is  Radius  -  -  -  -  90°,  -  -  10.00000 

to  the  Sine  of  D  -  -  37°>  47'  '  9-78723 

Then  by  Cafe  1 ft  we  find  the  Leg  D  G  required 
thus : 

R  :  S,  B  : :  B  D  :  D  G 


i.  e.  as  Radius  -  ,  -  90°  -  -  10.00000 

is  to  the  Sine  of  B  -  -  52°>  l3f  ’  9.89781 

fo  is  the  Hypoth.  D B  -  142  -  -  2.15229 

to  the  Leg  DG  -  -  112.2  -  -  2.05010 

The  Leg  D  G  may  alfo  be  found  in  the  following 
Manner,  viz. 

To  the  Log.  of  the  Sum  of  the  Hypo-  ?  2.35984 
thenufeand  given  Leg,  viz.  229  -  5 

add  theLog.  of  their  Difference,^.  -  55  -  i-74°3^ 

and  their  Sum  is  - . 4.10020 

the  Half  of  that  is . 2.05010 

the  Log.  of  112.2  the  Leg  required. 

Or  it  may  be  done  by  taking  the  Square  of  the 
given  Leg  from  the  Square  oi  the  Hypothenufe, 
and  the  fquare  Root  of  the  Remainder  is  the  Leg 
required  thus  in  the  prelent  Cafe ; 

The 


_ 
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The  Square  of  the  Hypothenufe  142,  is 
the  Square  of  the  Leg  BG  87,  is  -  - 

the  Difference  of  them  is  -  -  - 

whofe  Logarithm  is  -  - 

and  half  of  that  Logarithm  is  -  - 

which  anfwers  to  the  Natural  Number 
Leg  required. 


20164 

75% 


'  I2595 

4.10020 

2.05010 
i 12.2  the 


Thus  we  have  gone  thro’  the  feven  Cafes  of  right- 
angled sPlain  Trigonometry ,  from  which  we  may  ob- 
ferve  * 

1.  That  to  find  a  Side,  when  the  Angles  are  gi¬ 
ven,  any  Side  may  be  made  the  Radius.1 

2.  To  find  an  Angle,  one  of  the  given  Sides  muff 
of  Neceffity  be  made  the  Radius. 

W  e  now  proceed  to  the  Solution  of  the  fix  Cafes 
of  oblique-angled  Plain  Trigonometry ,  in  order  to 
which  we  muff  premife  the  following  Theorems. 

Theorem  1.  In  any  Triangle,  the  Sides  are  pro¬ 
portional  to  the  Sines  of  the  oppofite  Angles.  Thus 
m  the  Triangle  ABC,  I  fay,  A  B :  BC : :  S,  C :  S,  A 
and  A  B  :  A  C  :  :  S,  C  :  S,  B  ;  alfo  A  C  :  B  C  :  : 
S,  B  :  S,  A. 

Bemonftration.  Let  the  Triangle  A  B  C  be  in¬ 
scribed  in  a  Circle  ;  then  5tis  plain,  from  Art.  66. 

I.  that  the  Mali  of  each  Side  is  the  Sine  of  it’s 
oppofite  Angle,  out  (by  Art.  74.  Sett.  I.)  the  Sines 
oi  tnefe  Angles  in  T  abular  Parts,  are  proportional 


to  the  Sines  of  the  fame 
in  any  other  Meafure  j 
therefore  in  the  Trian¬ 
gle  ABC,  the  Sines  of 
the  Angles  will  be  as  the 
Halves  of  their  oppofite 
Sides  ;  and  fmce  the 


Halves  are  as  the  Wholes,  it  follows  that  the  Sines 
of  the  Angles  are  as  their  oppofite  Sides,  i.  e.  S,  C  : 

S*  A::  AB:BC*  fciV.  \ 


Theory. 


& 
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2.  In  any  Triangle  ABC  (fuppofing  any  of 
it’s  Sides  as  A  B  the  Bafe,  and  the  other  two  A  C, 

B  C,  the  Sides)  the  Sum  of  the  Sides  will  be  to  their 
Difference,  as  the  Tangent  ol  hall  the  Sum  ol  the 
Andes  B  A C,  ABC,  at  the  Bale,  is  to  the  Tangent 
of  half  the  Difference  of  the  fame  Angles. 

Demon.  With  the  longed:  Leg  C  B  as  Radius,  and 
in  the  Centre  C,  defcribe  a  Circle  meeting  the  fhorter 
Side  AC  (produced  on 
each  Side)  in  the  Points 
D  and  E,  draw  the 
Lines  EB  and  DB  which 
(by  Cor.  4.  Art.  63. 

Sett.  I.)  will  be  perpen¬ 
dicular  to  one  another  i 
draw  alfo  A  H  perpen¬ 
dicular  to  B  D  and  con- 
iequently  parallel  toEB. 

Therefore  (by  Art.  37. 

Sett.  I.)  the  Angle  BED 
will  be  equal  to  the  Angle  D  AIT,  and  (by  Art.  36. 
Seft.  I.)  the  Angle  ABE  equal  to  the  Angle  B  A  H. 
Alfo  draw  AF  perpendicular  to  EB  or  parallel  to  DB, 
and  confequently  the  Triangles  A  F  E  and  A  H  D 
will  be  fimilar.  Then  becaufe  C  B  is  equal  to  C  D 
or  to  C  E,  therefore  AD  will  be  the  Sum,  and  A  E 
the  Difference  of  the  Legs  AC,  B  C  :  Likewife  (by 
Art.  60.  Sect.  I.)  the  Angle  B  C  D  is  equal  to  the 
Sum  of  the  Angles  B  AC,  ABC,  and  therefore  (by 
Art.  63.  Sett  I.)  the  Angle  BED,  or  it’s  Equal  D  AH, 
will  be  equal  to  half  the  Sum  of  the  Angles  at  the 
|  Bafe  BAG  and  ABC.  Again  (by  Art  60.  Sett.  I.) 
the  Angle  B  A  C  is  equal  to  the  Sum  of  the  Angles 
C EB,  or  C B E  and  ABE,  and  therefore  equal  to  the 
Sum  of  the  Angle  ABC,  and  twice  the  Angle  ABE, 
and  therefore  hall  the  Difference  of  the  Angles  at  the 
Bafe  will  be  the  Angle  A  B  E,  or  it’s  Equal  B  A  H. 
But  in  the  right-angled  Triangles  A  K  D,  A  ll  8, 


4 


62 


) 


making  A  H  Radius,  the  Legs  DH,  H  B  will  (by 
Art .  4.  of  this  Se£i.)  be  the  Tangents  to  the  Angles 
DAH,  H  A  B,  or  to  half  the  Sum  and  half  the 
Difference  of  the  Angles  at  the  Bafe  •,  becaufe  A  H 
is  parallel  to  E  B  and  A  F  to  H  B,  therefore  A  F  is 
equal  to  HB,  and  the  Triangles  A  HD,  AEF  are 
fimilar,  and  confequently  (by  Art .  73.  Se£f.  I.) 
AD:  AE::DH:  AF  or  HB;  that  is,  A  D,  the 
Sum  of  the  Legs  AC  and  CB,  is  to  AE,  the  Diffe¬ 
rence  of  thefe  Legs,  as  DH  the  Tangent  of  half  the 
Sum  of  the  Angles  at  the  Bafe  (the  Radius  being  A  H) 
is  to  BH  the  Tangent  (belonging  to  the  fame  Radius) 
of  half  the  Difference  of  thefe  Angles,  and  therefore 
(by  Art.  74.  Seff,  I.)  as  the  tabular  Tangent  of  half 
the  Sum  of  the  Angles  at  the  Bafe,  to  the  tabular 
Tangent  of  half  the  Difference  of  the  fame  Angles. 

Theor.  3.  If  to  half  the  Sum  of  two  Quantities  be 
added  half  their  Difference,  the  Sum  will  be  the 
greater  of  them,  and  if  from  half  their  Sum  be  fub- 
tradted  half  their  Difference,  the  Remainder  will  be 
the  lead:  of  them. 

Demon.  Let  the  two  Quantities  be  reprefented  by 
the  Lines  AB  and  BC  (making  one  continued  Line) 
whereof  A  B  is  the  greater,  and  B  C  the  lelfer.  Bifedt 
the  whole  Line  A  C  in  E,  and  make  A  D  equal  to 
B  C ;  then  5tis  plain  A  C  is  the  Sum  and  D  B  the 
Difference  of  the  two  Quantities,  and  A  E  or  E  C 
their  half  Sum,  and  ED  or  EB  their  half  Difference, 
Now  if  to  A  E  we  add  EB,  5tis  plain  the  Sum  will 
be  A  B,  that  is,  if  to  half  the  Sum  wt  add  the  half 
Difference,  the  Sum  will  be  the  greater  Quantity  5 
alfo  if  from  E  C  we  take  E  B,  the  Remainder  will  be 
B  C,  that  is,  if  from  half  the  Sum  we  take  half  the 
Difference  of  two  Quantities,  the  Remainder  will  be 
the  leaft  of  them. 


) 


A 


C 


D  E  B 
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Theor.  4.  In  any  Triangle  ABC,  let  the  longed 
Side  A  B  be  confidered  as  the  Bafe,  upon  which,  from 
the  oppofite  Angle  C,  let  fall  the  Perpendicular  C  D, 
which  will  cut  the  Bafe  into  the  Segments  A  D,  BD, 
then  the  Bafe  A  B  will  be  to  the  Sum  of  the  Sides  AC 
and  B  C,  as  the  Difference  between  thefe  Sides  is  to 
the  Difference  between  A  D  and  B  D  the  Segments 

of  the  Bafe.  -  . 

Denton.  AVith  the  longer  Side  C  B  as  a  Radius  in 

the  Centre  C,  defcribe  a  Circle,  meeting  the  fhorter 
Side  ( produced  both 
Ways)  'in  the  Points  E 
and  F,  and  meeting  AB 
produced  in  G.  Then 
A  E  will  be  the  Sum 
and  AF  the  Difference 
of  the  Sides  AC,  BC. 

Likewife  ffnce  (by  Art. 

64.  SeA.  I.)  G  D  is 
equal  to  B  D,  therefore 
A  G  will  be  the  Diffe¬ 
rence  of  the  Segments  A  D,  B  D.  Draw  the  Chords 
BE,  F G.  Then  in  the  Triangles  B  A E,  G  A  F,  the 
Angles  ABE,  GF  A,  are  equal  (by  Cor.  2.  Art.  63. 
BeSt.  I.)  and  the  Angle  B  A  E  is  equal  to  the  Angle 
G  A  F,  (by  Art.  33.  Setf.  I.)  therefore  the  remaining 
Angles  AEB,  AGF,  muff;  be  equal,  and  fo  the  Tri¬ 
angles  ABE,  AGF  fimilar  •,  consequently  (by 
Art.  73.  Sett.  I.)  AB:  AE::  AF:  AG;  that  is, 
A  B  the  Bafe  is  to  A  E  the  Sum  of  the  Sides  A  C  and 
C  B,  as  A  F,  the  Difference  of  thele  Sides,  is  to  A  Gs 
the  Difference  of  the  Segments  of  the  Bafe. 

CASE  1. 

In  any  oblique-angled  plain  Triangle  %  two  Sides ,  and 
an  Angle  oppofite  to  one  of  them ,  given,  tp  find  the  An¬ 
gle  oppofite  to  the  other. 

Example. 


ii 
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Example.  In  the  Triangle  ABC,  fuppofe  A  B 
156,  B  C  84,  and  the  Angle  C,  oppofite  to  B  A, 
56%  30^  j  required  the  Angle  A  oppofite  to  B  C. 

Geometrically. 

Draw  the  Line  AC,  and  at  any  Point  of  it,  fup¬ 
pofe  C,  make  the  Angle  C  equal  to  56°,  30'  (by 
Prob.  9,  Sett.  I.)  ij 

take  C  B  equal  to  • 

84 ;  and  with  the  s'  \ 

Length  of  156  (ta-  s^  \ 

ken  from  the  fame  S'  \ 

Line  of  equal  Parts  - - — - - 

with  C  B)  in  your  CompalTes,  fixing  one  Foot  in  B, 
with  the  other  crofs  A  C  in  A.  Laftly,  join  A  and 
B  *  fo  the  Triangle  is  conffrudted,  and  the  required 
Angle  A  may  be  meafured  by  Prob.  10.  Set?.  I. 

By  Calculation. 

By  theorem  1 .  we  have  the  following  Proportion 
for  finding  the  Angle  A,  viz* 

A  B  :  S,  C  :  :  B  C  :  S,  Aj 

i.  e  as  the  Leg  AB  -  -  156°  -  2.19312 

is  to  the  Sine  of  it’s  oppofite  Angle  C, 

56°,  20^  r  -----  -  9.92111 

fo  is  the  Leg  B  C  -  -  -  -  84  -  1.92428 

11.84539 

2.19312 

to  the  Sine  of  it’s  opp.  Angle  A  26°,  41*  9.65227 

CASE  2. 

The  Angles ,  and  a  Side  oppofite  to  one  of  them ,  given, 
to  find  a  Side  oppofite  to  another . 

Example* 
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Example.  In  the  Triangle  HBG,  fuppofe  the 
Angle  H  46°,  15',  and  the  Angle  B  540,  22',  con- 
fequently  the  Angle  G  790,  23 r,  and  the  Leg  H  B 
125,  required  HG. 

Geometrically . 

Draw  HB  125,  from  any  Line  of  equal  Parts, 
and  make  the  Angle  H 
46°,  15',  and  B  54^,  22^, 
then  produce  the  Lines  HG 
and  B  G  till  they  meet  one 
another  in  the  Point  G  •,  fo 
the  Triangle  is  conftrudted 

and  H  G  is  meafured  by  H  ^  -  \  B 

taking  it’s  Length  in  your 

Compares,  and  applying  it  to  the  fame  Line  of 
equal  Parts  that  H  B  was  taken  from. 

By  Calculation. 

By  the  firfb  of  the  preceding  Theorems,  we  have 
this  Analogy  for  finding  H  G.  viz. 

S,  G  :  H  B  :  :  S,  B  :  H  G  ; 


i.  e.  as  the  Sine  of  G 
is  to  the  Leo;  H  B 


79°->  23 
1 25 


1 


fo  is  the  Sine  of  B  -  -  540, 


to  the  Leg  H  G 


-  -  103.4 

CASE  3. 


9.99250 

2.09691 

9.90996 

2-OI4  37 


Two  Sides  and  an  Angle  oppofite  to  one  of  them  given , 
to  find  the  third  Side. 

Example.  In  the  Triangle  KLM,  fuppofe  the 
Side  KL  126  equal  Parts,  and  KM  130  of  thefe 
Parts,  and  the  Angle  L  (oppofite  to  KM)  63°,  20', 
required  the  Side  M  L. 

F 


Geometrically . 
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4 

Geometrically . 

The  Geometrical  Conftrudtion  of  this  Cafe  is  the 
«yj.  fame  with  that  in  Cafe  i .  (there  be¬ 
ing  the  fame  Things  given  in  both) 
and  the  Leg  ML  may  be  meafured 
by  applying  it  to  the  fame  Line  of 
equal  Parts  that  the  other  two  were 


By  Calculation . 

The  Solution  of  this  Cafe  depends  upon  the  two 
preceding,  and  firft  we  muft  find  the  other  two 
Angles  by  Cafe  i .  thus ; 

MK:S,L::KL:S,M; 


i.  e .  as  the  Side  M  K  - 
is  to  the  Sine  of  L  - 
fo  is  the  Side  K  L 
to  the  Sine  of  M 


130  -  - 
63°,  20J  - 
12  6  -  - 
6o°,  G  - 


2.H394 

9.95116 

2.10037 

9-93759 


Then  by  Cafe  2.  we  find  the  required  Leg  ML 
thus ; 

S,  L:MK:  :  S,  K:ML; 


i.  e.  as  the  Sine  of  L 
is  to  M  K  -  -  - 

fo  is  the  Sine  of  K  - 
to  M  L  -  -  -  - 


-  63°,  20r 

■  -  130  " 

-  53° >  39' 


*  -  -  117.2 

CASE  4. 


9.95116 

2.11394 

9.90602 

2.06850 


Two  Sides  and  the  Contained  Angle  given ,  to  find  the 
Other  two  Angles . 


Example . 
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Example.  In  the  .Triangle  A  CD,  fuppofe  AC 
103,  and  AD  126,  and  the  Angle  A  54",  30',  re¬ 
quired  the  Angles  C  and  D. 

Geometrically. 

Draw  AD  126  equal  Parts,  arid  make  the  Angle 
A,  54°,  30',  then  let  103  equal  Parts  from  A  to  C. 
Daftly,  join  C  and  D>  and  fo  the  Triangle  is  con- 


c 


ftructed,  and  the  Angles  C  and  D  may  be  meafured 
by  the  Line  of  Chords. 

\*  t  '■ 

By  Calculation. 

The  Solution  of  this  Cafe  depends  upon  the  fe- 
cond  and  third  of  the  preceding  Theorems  *,  and 
fxrfb  we  muft  find  the  Sum  and  Difference  of  the 
Sides,  and  half  the  Sum  of  the  unknown  Angles. 
Thus, 

the  Leg  A  D  is  -  -  -  -  126 

the  Leg  A  C  is  -  --  --  --  -  103 

their  Sum  is  -  --  --  --  --  229 
and  their  Difference  is  -  --  --  -  23 

the  Sum  of  the  three  Angles  A,  D,  and  C  is  1 SoQ 
!  the  Angle  A  is  -  -  --  --  -  54°?  3°r 

fo  the  Sum  of  the  Angles  C  and  D  will  be  -  125°,  30' 

and  Half  their  Sum  is  62°,  45 f 

„  p  2  Then 


1 


-  —  — 
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Then  by  Theorem  2.  we  have  the  following  Pro¬ 
portion,  viz. 

as  the  Sum  of  the  Sides  AD  and  AC  229  -  2*35984 
is  to  their  Difference  -  -  -  -  22-1.26172 

fo  is  the  Tang,  of  half  the  Sum  \  a  0  . 

of  the  unknown  Angles  -  3  2  ’45  -  10.28816 

to  the  Tang,  of  half  their  Diff.  1 1  °,  2  f  -  9.79005 
Now  having  half  the  Sum  and  half  the  Difference 
of  the  two  unknown  Angles  C  and  D,  we  find  the 
Quantity  of  each  of  them  by  Theorem  5.  thus. 

To  half  the  Sum  of  the  Angles  C  and  D  -  62°,  a  A 
add  half  their  Difference  -  -  -  -  -  110,  ozf 

and  the  Sum  is  the  greater  Angle  C  -  -  730,  47/ 

Again  from  half  the  Sum  -  -  -  -  62°,  45' 

take  half  the  Difference  -  -  -  -  -  ii°,o2f 

and  there  will  remain  the  leffer  Angle  D  -  5 1°,  43  / 

CASE  5. 

Two  Sides  and  the  Contained  Angle  given ,  to  find  the 
third  Side. 

Example.  In  the  Triangle  BCD,  fuppofe  BC 
154,  and  B  D  133,  and  the  Angle  B  56°,  03^,  re¬ 
quired  the  Side  C  D. 


Geometrically. 


The  Geometrical  Conftrudfion  of  this  Cafe  is  the 


lame  with  that  of  the  laft,  and  the  Length  of  D  C 


« 
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is  found  by  taking  it’s  Length  in  your  Compaffes,  and 
applying  it  to  the  fame  Line  of  equal  Parts  that  the 


two  Legs  were  taken  from. 


By  Calculation. 

,  **• .  ;  '  v  *T  *  > 

The  Solution  of  this  Cafe  depends  upon  the  fecond 
and  fourth ;  and  fir  ft  we  muft  find  the  Angles  by 
the  laft  Cafe  •,  thus. 

As  the  Sum  of  the  Sides  BD  and  BC  287  -  2.45788 
is  to  their  Difference  -  -  -  21  -  1.32222 

fo  is  the  Tangent  of  half  the  }  r  Q  0 , 

Sum  of  the  Angles  DandC  )  1  ’  10.27372 

to  the  Tangent  of  half  their  Diff.  70,  50  ^  -  9.13806 

1 

So  by  Theorem  3.  we  have  the  Angles  D  and  C 
thus, 

To  half  the  Sum  of  the  Angles  D  and  C  -  6i°,  58 1 
add  half  their  Difference  -  -  -  -  -  J°<>  50 f 

and  the  Sum  is  the  greater  Angle  D  -  -  69°,  48' 


Alfo,  from  half  the  Sum  -  -  - 

take  half  the  Difference  - 

and  there  remains  the  lefler  Angle  C 


6 1°  cxr 


5  k 

O 

7°>  50 


1 


54°>  08' 


Then  by  Cafe  2.  we  have  the  following  Analogy 
for  finding  D  C  the  Leg  required,  viz. 

S,  C  :  B  D  :  :  S,  B  :  D  C  ; 


i.  e .  as  the  Sine  of  C 
is  to  B  D  -  -  - 

fo  is  the  Sine  of  B  - 
to  D  C  -  -  -  - 


*1 

. 


:  TI 

:i  ' 

\  fin  f 


-  54°.  08'  _ 

-  9.90869 

-  -  ‘33  - 

-  2.12385 

-  56°’  03* 

*  9.9-1883 

1’  i 

-  >3°-2  ' 

-  2 .13399 

F  3 

CASE 

•70  Plain  Trigonometry. 

CASE  6, 

Sides  given ,  to  /&£  Angles. 

Example.  In  the  Triangle  ABC,  fuppofe  A  B 
156,  BC  84,  and  AC  185.7;  required  the  Angles 
A,  B,  and  C. 

Geometrically . 

Make  AC  185.7  fr°m  anY  Line  of  equal  Parts, 
and  from  the  fame  Line  taking  156,  the  Length  of 
A  B,  in  your  Compaffes,  fix  one  Foot  of  them  in 
A,  and  with  the  other  fweep  an  Arch;  then  take 
14,  the  Length  of  BC,  and  fixing  one  Foot  in  C, 


B 


with  the  other  fweep  an  Arch,  wThich  will  crofs  the 
Former  in  B  ;  laflly,  join  the  Points  BA  and  BC,  fo 
the  Triangle  will  be  conftrudfed,  and  the  Angles  may 
be  meafured  by  the  Line  of  Chords. 

By  Calculation. 

Let  fall  the  Perpendicular  B  D  from  the  Vertex 
B,  upon  t"he  Bafe  A  C,  which  will  divide  the  Bafe 
into  the  two  Segments  A  D  and  D  C,  and  to  find 
the  Lengths  of  thefe,  we  have,  by  Theorem  4.  the 
following  Proportion,  viz , 

A§ 
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As  the  ESafe  AC  -----  185.7  -  2.26893 

is  to  the  Sum  of  the  Sides  ABandBC  240  -  2.38031 
fo  is  the  Difference  of  the  Sides  -  72  -  1.85733 

to  the  Diff.  of  the  Segments  of  the  Bafe  93  -  1 .96871 


.  r  % 

And  having  the  Sum  of  the  Segments,  viz.  the 
whole  Bafe,  and  their  Difference,  we  find  the  Seg¬ 
ments  themfelves,  by  theorem  3.  thus. 


To  half  the  Sum  of  the  Segments  -  -  92  .  8 
add  half  their  Difference  -----  4 6  .  5 

and  the  Sum  is  the  greater  Segment  AD-  139.3 

Alfo  from  half  the  Sum  of  the  Segments  -  92  .  8 

take  half  their  Difference  -----  46  .  5 

•  — »  — 

the  Remainder  is  the  letter  Segment  DC  -  4  6  •  3 


Now  the  Triangle  A  B  C  is  divided,  by  the  Per¬ 
pendicular  D  B  into  two  right-angled  Triangles, 
A  D  B,  and  DBC;  in  the  firft  of  which  are  given 
the  Hypothenufe  A  B  156,  the  AD  139*8 
to  find  the  oblique  Angles,  for  which  we  have  (by 
Cafe  5.  of  rectangular  Trigonometry)  the  following 

Analogy,  viz. 

AsAB  -------  156  “  2.19312 

is  to  A  D  -  -  -  -  ~  ■  139*3  "  2.14395 

fo  is  the  Radius  -  -  --  90^  -  10.00000 

to  the  Co-Sine  of  the  Angle  A  26°,  40 1  -  9.95083 

Alfo  the  Angle  C  is  found  by  the  fame  Cafe, 
thus, 

AsBC  -----  84  -  “  '  1 .9242  8 
is  to  C  D  -  -  -  -  46.3  -  "  •  1*665.58 

fo  is  the  Radius  -  -  90°  -  -  -  10.00000 

to  the  Co-Sine  of  C  56°,  30*  -  -  -  9-74*3° 

T  4  Having 
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Having  found  the  two  Angles  A  and  C,  we  have 
the  Third,  B,  by  taking  the  Sum  of  the  other  two 
from  i$o,  thus, 

The  Sum  of  all  the  three  Angles  is  -  i8o°, 

the  Sum  of  A  and  C  is  -  ~  -  -  83°,  to! 

the  Angle  3  is  -  --  --  --  9  6°,  50' 

All  the  Proportions  ufed  for  the  Solutions  of  the 
feveral  Cafes  in  Plain  Trigonometry ,  may  be  perfor¬ 
med  by  the  Scale  and  Compafs.  On  the  Scale  there 
are  feveral  Logarithmic  Lines,  viz .  one  of  Num¬ 
bers,  another  of  Sines,  and  one  of  Tangents,  &c. 
And  the  Way  of  working  a  Proportion  by  thefe  is 
this,  viz.  Extend  your  Compafies  from  the  firft 
Term  of  your  Proportion,  found  on  the  Scale,  to 
the  Second,  and  with  that  Extent,  fixing  one  Foot 
in  the  third  Term,  the  other  will  reach  the  fourth 
Term  required. 


SECT.  III. 

Of  the  Principles  of  GEOGRAPHY  and 
ASTRONOMY. 

1  *  HP  H  Land  and  Water  of  this  Earth  make 
I  up  a  Composition  of  a  fpherical  Form,  or 
rather  an  oblong  Figure,  which  is  called  the  Terra - 
queous  Globe. 

2.  This  Globe  moves  round  it’s  Axis  in  24  Hours, 
from  Weft  to  Fall-,  and  thereby  caufing  the  celeftial 
Bodies  to  revolve,  apparently  from  Eaft  to  Weft,  in 
the  fame  Time,  makes  the  Viciflltudes  of  Day  and 
Night. 


2.  Thefe 
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3.  Thefe  two  Points  in  which  the  Axis  of  the 
Earth  meets  the  Surface,  are  called  the  Poles  of  the 
Earth  •,  and  if  the  Axis  be  produced  on  both  Sides 
to  the  Heavens,  it  will  cut  them  in  two  oppofite 
Points  called  the  Celeftial  Poles.  The  one  towards 
the  North  is  called  the  Artie  Pole  •,  and  the  other  to¬ 
wards  the  South,  the  Antartic. 

4.  Circles  upon  a  Sphere  are  either  Great  or  Lefter. 
A  Great  Circle  is  that  whofe  Plain  pafies  through 
the  Center  of  the  Sphere,  or  whefe  Diameter  is  e- 
qual  to  the  Diameter  of  the  Sphere.  A  Lejfer  Circle 
is  that  whofe  Plain  does  not  pafs  thro’  the  Center  of 
the  Sphere,  or  whofe  Diameter  is  lefs  than  the  Dia¬ 
meter  of  the  Sphere.* 

Cor.  1.  Hence  it  is  plain,  that  all  great  Circles 
upon  a  Sphere  divide  it  into  Halves,  and  all  lefifer 
Circles  divide  it  unequally. 

Cor.  2.  And  fince  all  great  Circles  have  the  fame 
Center,  viz.  that  of  the  Sphere,  it  is  plain  they 
mull  bife£t  one  another. 

5.  Since  the  Earth  moves  round  it’s  Axis,  ’tis 
plain  that  every  Point  in  the  Surface  (except  the  two 
Poles  which  are  at  Reft)  will  deicribe  the  Circum¬ 
ference  of  a  Circle  *,  and  that  which  is  deferibed  by 
a  Point  lying  in  the  middle  between  the  two  Poles, 
is  called  the  Equator ,  or  Equinoctial  Line ,  or  fimply 
the  Line. 

6.  If  the  Plain  of  the  Equator  be  produced  to  the 
Heavens,  it  will  there  mark  out  a  Circle  called  the 
Celeftial  Equator ,  which  will  divide  the  Earth  and 
Heavens  into  two  Hemifpheres,  that  towards  the 
North  called  the  Northern  Hemiftphere ,  and  that  to¬ 
wards  the  South,  the  Southern. 

7.  Great  Circles  pafting  through  the  Poles  of  the 
'  World,  and  cutting  the  Equator  at  Right  Angles, 

are  called  Meridians ;  and  that  which  pafies  over  any 
Place,  is  called  the  Meridian  of  that  Place. 

I  .  ,  S.  The 
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8.  The  Diftance  of  any  Place  upon  the  Earth, 
from  the  Equator,  counted  in  Degrees  upon  the  Me¬ 
ridian,  is  called  the  Latitude  of  that  Place  j  and  it 
is  either  North  or  South,  according  as  it  lies  upon 
the  North  or  South  Side  of  the  Equator. 

9.  Since  by  the  Rotation  of  the  Earth  about  it’s 
Axis,  every  Point  upon  it’s  Surface  defcribes  a 
Circle,  ’tis  plain  all  the  Points  between  the  Equator 
and  Poles,  muft  defcribe  Circles  parallel  to  the  Equa¬ 
tor  ;  and  thefe  are  called  Parallels  of  Latitude. 

1  o.  The  Difference  of  Latitude  between  two  Places, 
is  the  Arch  of  a  Meridian,  contained  between  the 
Parallels  of  Latitude  palling  over  thefe  Places. 

Cor.  1.  Hence  if  the  two  Places  lie  both  on  the 
fame  Parallel,  they  will  have  no  Difference  of  Lati¬ 
tude. 

Cor .  2.  If  the  Places  lie  both  on  the  fame  Side  of 
the  Equator,  and  on  different  Parallels,  then  their 
Difference  of  Latitude  is  found  by  taking  the  leffer 
Latitude  from  the  greater. 

Cor .  3.  But  if  the  Places  lie  on  different  Sides  of 
the  Equator,  then  their  Difference  of  Latitude  is 
equal  to  the  Sum  of  the  two  Latitudes. 

11.  The  Complement  of  the  Latitude  of  any  Place, 
is  that  Latitude  taken  from  90  Degrees,  or  the 
Diftance  of  the  Place  from  the  neareft  Pole. 

12.  The  Longitude  of  any  Place  upon  the  Earth, 
is  an  Arch  of  the  Equator  intercepted  between  the 
ftrft  Meridian,  and  the  Meridian  paffing  thro’  the 
propofed  Place.  Which  is  equal  to  the  Angle  at  the 
Pole  formed  by  the  firfl  Meridian  and  the  Meridian 
of  the  Place. 

13.  The  firft  Meridian  may  be  placed  at  Pleafure, 
paffing  thro’  any  Place  •,  as  London^  Parity  J eneriffy 
&c.  and  the  Longitudes  counted  from  it  will  be 
either  Eaft  or  Weft  according  as  they  lie  on  the  Eaft 
or  Weft  Side  of  that  Meridian. 


14.  The 
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1 4 .  The  Difference  of  Longitude  between  two  Places 
upon  the  Earth,  is  an  Arch  of  the  Equator  compre¬ 
hended  between  the  two  Meridians  of  thefe  Places, 
and  thegreateft  poflible  is  180  Degrees,  viz.  when 
the  two  Places  lie  on  oppofite  Meridians. 

15.  Since  by  the  Motion  of  the  Earth  about  it’s 
Axis,  every  Point  upon  the  Surface  delcribes  the 
Circumference  of  a  Circle  or  360  Degrees,  in  24 
Hour’s  Time,  ’tis  plain  in  one  Hour  it  muft  defcribe 
1 5 Degrees*,  therefore  any  Place  lying  ^Degrees 
to  the  Eaftward  of  another,  has  the  Sun  upon  it  s 
Meridian  1  Hour  fooner  than  that  other  *,  fo  when  it 
is  twelve  o’Clock  in  the  eaftermoff  Place,  it  will  be 
but  eleven  in  the  other. 

Cor.  Hence  the  Difference  of  Longitude  may 
be  converted  into  Difference  of  Fime,  by  allowing 
1  Hour  for  every  1 5  Degrees,  and  proportionally 
for  Minutes,  &c.  alfo  Difference  of  Time  may  be 
converted  into  Difference  of  Longitude,  by  allowing 
1 5  Degrees  for  every  Hour,  and  proportionally  for 
other  fime.  Confequently  by  knowing  the  one,  we 
can  find  the  other. 

16.  If  we  fuppofe  a  Plain  touching  the  Surface  or 
the  Earth  in  any  Point,  (upon  which  a  Spectator 
is  handing)  and  produced  to  the  Heavens,  it  will 
there  make  a  Circle  called  the  Horizon ,  which  fe- 
parates  the  vifible  from  the  invifible  Part  of  the 
Heavens.  This  Plorizon  is  properly  the  fenfible 
Horizon  *,  the  true  or  rational  Horizon ,  is*  a  great 
Circle  parallel  to  the  fenfible,  and  paffing  thro’  the 
Center  of  the  Earth,  which  divides  the  Heavens  and 
Earth  into  two  Halves,  called  the  Upper  and  Lower 
Hemifpheres. 

17.  Thefe  two  Horizons  when  produced  to  the 
Heavens,  may,  without  any  fenfible  Error,  be  fup- 
pofed  to  coincide :  The  Difcance  between  them,  or 
the  Earth’s  Semidiameter,  vanifhing  when  compared 
with  fuch  a  Diflance. 

18.  Since 
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18.  Since  the  Earth  moves  round  it’s  Axis  from 
W til  to  Eaft,  ’tis  plain  a  Spectator  upon  it*s  Surface 
together  with  Ins  Horizon,  mull  move  the  lame 
Way;  confequently  thefe  Celeftial  Bodies  towards 
the  Eaft,  that  were  before  inconfpicuous,  will  be¬ 
come  vifibie,  the  Horizon  being  deprefied  below 
them ;  and  thefe  towards  the  Weft,  that  were  be¬ 
fore  in  View,  will  become  invifible,  the  Horizon  be¬ 
ing  elevated  above  them.  And  hence  arifes  the  ap¬ 
parent  Motion  of  all  the  heavenly  Bodies,  by  which 
they  appear  to  defcribe  Circles  round  the  Poles,  pa¬ 
rallel  to  the  Celeftial  Equator,  which  are  greater  or 
lefs  according  as  they  are  more  or  lefs  diftant  from 
the  neareft  Pole. 

19.  When  any  Celeftial  Body  comes  firft  in  View 
or  when  it  is  on  the  Eaftern  Side  of  the  Horizon,  it 
is  then  laid  to  Rife ;  and  when  by  it’s  apparent  Mo¬ 
tion  it  comes  to  the  Meridian,  it  is  faid  to  Culminate ; 
and  laftly,  when  it  begins  to  difappear,  or  is  upon 

the  Weftern  Side  of  the  Horizon,  it  is  then  laid  to 
Set. 

20.  If  through  the  Center  of  the  Earth  there  be 
drawn  a  Line  perpendicular  to  the  Plain  of  the  Ho¬ 
rizon,  and  produced  to  the  Heavens,  it' will  there 
mark  out  two  Points;  the  one,  which  is  dire&ly 
over  our,  Heads,  is  called  the  Zenith ;  and  the  oppo- 
fite  Point  thereto,  which  is  invifible  to  us,  viz.  di¬ 
re&ly  under  our  Feet,  is  called  the  Nadir. 

21.  Vertical  or  Azimuth  Circles ,  are  great  Circles 
pafiing  thro  the  Zenith  and  Nadir,  and  cutting  the 
Horizon  at  right  Angles.  Among  the  vertical  Cir¬ 
cles  there  are  two  principal  ones,  viz .  the  Meridian, 
which  paffes  through  the  Zenith,  Nadir,  and  Poles’ 
and  cuts  both  the  Equator  and  Horizon  at  rmht 
Angles ;  the  Points  in  which  it  cuts  the  Plorizon  are 
the  South  and  North  Points ;  and  the  other  princi¬ 
pal  Vertical,  called  the  prime  Vertical ,  is  that  which  ' 
cuts  the  Meridian  at  right  Angles,  and  meets  the 

Horizon 
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Horizon  in  two  oppofite  Points,  called  the  Eaft  and 
Weft  Points.  .  . 

22.  Lefier  Circles  parallel  to  the  Plorizon  are 
called  Almic anthers,  or  Parallels  of  Altitude.  And 
thefe  continually  decreafe  the  nearer  they  are  to  the 
Zenith. 

23.  The  Altitude ,  or  Deprefiion  of  any  heavenly 
Body  above  or  below  the  Horizon,  is  an  Arch  of  a 
vertical  Circle  intercepted  between  the  Horizon  and 
Center  of  the  Objed:. 

24.  The  Zenith  Biftance  of  any  heavenly  Object, 
is  that  Arch  of  the  vertical  Circle  palling  through 
it,  intercepted  between  the  Center  of  the  Objedt 
and  the  Zenith,  which  is  always  the  Compliment  of 
the  Altitude. 

2 5.  Let  the  Circle  AHNO  reprefent  the  Earth, 
projected  on  the  Plain  of  fome  Meridian,  A,  fome 
Place  upon  that  Meridian ;  draw  the  Diameter  H  O 
at  a  Quadrant,  or  90  Degrees,  Diftance  from  A  ; 
then  H  O  will  reprefent  the  Horizon  of  the  Place  A 
(by  Art.  16.  of  this).  Let  P  and  p  be  the  two 
Poles ;  confcquently  P  p  the  Axis  of  the  Earth, 
and  the  Diameter  E  Q^at  right  Angles  with  that 
will  reprefent  the  Equator,  (by  Art.  5.)  make  P  a 
equal  to  P  A,  and  draw  the  Circle  A  a  parallel  to 
the  Equator  E  and  this  will  be  the  Parallel  of 
Latitude  the  Place  A  lies  on.  The  Arch  AE  will  be 
the  Latitude  of  the  Place  A,  and  A  P,  the  Comple¬ 
ment  of  it’s  Latitude  (by  Art.  8.  and  1 1.)  the  Point 
in  the  Heavens  diredly  above  A  will  be  the  Zenith, 
and  that  directly  above  N  will  be  the  Nadir  of  the 
Place  A  (by  Art.  20.)  the  great  Circle  A  C  N  will  be 
the  prime  Vertical  (by  Art.  21.)  and  the  Points  H  and 
O  will  be  the  South  and  North  Points,  and  C  will 
reprefent  the  Eaft  and  Weft  Points  in  the  Horizon 
of  A.  Let  S  be  any  heavenly  Gbjedl,  and  A  S  N 
a  vertical  or  azimuth  Circle  paking  through  the  Cen¬ 
ter 
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ter  of  the  Objed  ^  alfo  K  S  ids  Parallel  of  Altitude  > 
then  S  G  will  be  the  Altitude  and  S  A  the  Zenith 
Diftance  of  the  Qbjed  S  (by  Art.  23.  and  24).  A- 


gain,  let  any  other  Place  upon  the  Earth  be  aflumed* 
as  B,  and  it’s  Meridian  will  be  P  Bp,  and  it’s  Parallel 
of  Latitude  D  B  d ;  then  the  Latitude  of  B  will  be 
B  F  or  D  E,  and  the  Complement  of  it’s  Latitude 
will  be  B  P  or  D  P.  Alfo  the  Difference  of  Latitude 
between  the  two  Places  A  and  B,  will  be  B  L  or 
D  A  (by  Art.  10).  If  the  Meridian  paffmg  thro’  A, 
be  fuppofed  the  firft  Meridian,  then  the  Longitude 
of  B  will  be  E  E  (by  Art.  12)5  but  if  the  Meridian 
of  A  be  not  fuppofed  the  firft  Meridian,  then  the 
Difference  of  Longitude  between  the  two  Places  A 
and  B  will  be  E  F  (by  Art .  14). 

26.  The  Syftem  of  the  Univerfe,  according  to 
the  lateft  Aftronomers,  is  as  follows,  viz.  The  Sun 
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is  fuppofed  to  be  in  the  common  Center  of  Gra¬ 
vity,  of  fix  opake  fpherical  Bodies  called  Planets , 
which  are  at  different  Diftances  from  the  Sun,  and 
perform  their  feveral  Periods  round  him  in  dif¬ 
ferent  Times  ^  the  Names  of  thefe  Planets  and  the 
Characters  by  which  they  are  expreffed,  are  as  fol¬ 
low,  viz.  Mercury  2,  Venus  ?,  the  Earth  ©, 


B 
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Mars  <?,  'Jupiter  'U,  and  Saturn  h.  And  they  all 
I  move  round  the  Sun,  from  Weft  to  Eaft,  in  Orbs 
very  little  inclined  to  one  another,  and  the  Plains 
of  thefe  Orbs  cut  one  another  in  Lines  paffing 
through  the  Center  of  the  Sun j  confequently  a 

Spectator 
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Spectator  placed  in  the  Center  of  the  Sun,  will  be 
in  the  Plain  of  each  of  their  Orbs,  and  will  there 
view  the  Planets,  performing  their  feveral  Periods 
round  him,  from  Weft  to  Eaft,  according  to  the 
Order  of  the  Letters  ABCD,  (in  the  annexed  Scheme) 
and  in  different  Times,  viz.  Mercury  $,  which  is 
neareft  the  Sun,  moves  round  his  Orb  in  87  Days, 
and  23  Hours,  or  three  Months  nearly.  Then 
Venus  ?,  which  is  next  to  Mercury ,  performs  her 
Period  in  224  Days  and  17  Hours,  or  about 
8  Months.  The  Planet  which  is  third  in  order 
from  the  Sun,  is  our  Earth  ©,  which  performs  it’s 
Circuit  in  365  Days,  5  Hours,  and  49  Minutes,  or 
a  Year.  Next  to  the  Earth  is  Mars  who  moves 
round  his  Orb  in  686  Days  and  23  Hours,  or  a  little 
lefs  than  2  Years.  Then  Jupiter  whofe  Orb  is 
vaftly  extended  beyond  that  of  Mars ,  performs  his 
Circuit  in  4332  Days,  12  Hours,  which  is  about 
12  Years.  And  laftly  Saturn  b,  who  is  furtheft 
diftant  from  the  Sun,  compleats  his  Revolution  in 
10759  Days,  and  7  Hours,  which  is  fomething  lefs 
than  30  Years.  Their  Diftances  from  the  Sun  ex- 
preffed  in  the  Scheme,  are  nearly  proportional  to  their 
true  Diftance  in  the  Heavens. 

27.  Three  of  the  Planets,  viz.  Mars ,  Jupiter , 
and  Saturn ,  whofe  Orbs  are  beyond  that  of  the 
Earth,  are  called  fupericr  Planets ;  and  the  two 
Planets  Venus  and  Mercury ,  whofe  Orbs  are  be¬ 
tween  the  Earth’s  Orb  and  the  Sun,  are  called  the 
inferior  Planets. 

28.  The  three  Planets,  Jupiter ,  Saturn ,  and  the 
Earth,  are  obferved  to  have  other  fmaller  ones 
conftantly  attending  them,  called  Secondary  Planets 
or  Satellites.  Thefe  Satellites  always  attend  their 
refpedave  Primaries  in  their  Revolutions  about  the 
Sun,  and  at  the  fame  Time  they  are  conftantly 
moving  about  them ;  the  Earth  has  one,  viz .  the 

Moony 
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Moon ,  which  attends  it  in  it’s  annual  Revolution 
about  the  Sun,  and  at  the  fame  Time  moves  round 
it  as  a  Center,  in  about  27  Days,  and  7  Hours. 
Jupiter  has  four  Satellites  attending  him,  which  are 
at  different  Diftances  from  him,  and  move  round 
him  in  different  Times,  viz.  that  which  is  inner- 
moft,  or  neareft  his  Body,  revolves  in  1  Day 
1 8  Hours  •,  the  next  defcribcs  it’s  Orbit  in  3  Days 
and  1 3  Hours  *,  the  third  moves  round  in  7  Days 
and  3  Hours  and  that  which  is  furtheff  from  Ju¬ 
piter's  Body,  performs  it’s  Circuit  in  16  Days  and 
18  Hours.  Saturn  has  five  Satellites  moving  round 
him  as  a  Center,  which  are  at  different  Diftances 
from  his  Body,  and  perform  their  Revolutions  in 
different  Times,  viz.  the  firft  or  neareft  to  him, 
performs  it’s  Circuit  in  1  Day,  2 1  Hours  ;  the  fe- 
cond,  in  2  Days,  1 7  Hours  *,  the  third,  in  4  Days 
13  Hours  ^  the  fourth,  in  15  Days  22  Hours  ;  and 
the  fifth,  or  the  moft  remote  from  the  Body  of 
Saturn ,  compleats  its  Revolution  in  79  Days  and 
8  Hours. 

29.  The  fixed  Stars  are  fuppofed  to  be  of  the  fame 
Matter  with  the  Sun,  and  made  for  the  fame  Ends, 
viz.  each  of  them  the  Center  of  it’s  own  proper 
Syftem,  having  Planets  moving  round  it  as  our  Sun 

has,  t  _ 

30.  Having  given  a  curfory  View  of  the  Syftem 
t)f  the  Univerfe,  we  fhall  now  confider  the  Motion 
of  the  Earth,  a  little  more  particularly.  Let  S 
reprefent  the  Sun  in  the  Center,  A  B  C  D  the  Orbit 
of  the  Earth,  and  t  ^  y?  the  Heaven  of  the 
fixed  Stars ;  then  if  the  Obferver  be  fuppofed  to  be 
placed  in  the  Sun  at  S,  ’tis  plain  when  the  Earth 
is  in  the  Point  A  of  it’s  Orbit,  it  will  appear  to  be 
at  the  fixed  Star  and  while  in  moving  from  Weft 
to  Eaft,  it  goes  from  the  Point  A  of  it’s  Orbit  to 
B,  it  will  appear  to  the  Obferver  at  S  to  pal's  by 

^  *  o  tte 
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the  fixed  Stars  v  «  n  25  *  and  in  moving  from  B 
to  C,  it  will  appear  to  pals  by  the  fixed  Stars 


23  Cl  fiji  ;  and  From  C  to  D,  the  fixed  Stars  ^ 
iti  $  k? ;  and  from  D  to  A  the  fixed  Stars  kf  zz 
X  <y>.  Again,  let  the  Obferver  be  removed  from 
the  Sun  to  the  Earth,  then  ’tis  plain  when  the  Earth 
is  in  the  Point  A  of  it’s  Orbit,  the  Sun  S  will  appear 
to  be  in  the  oppofite  Point  of  the  Heavens,  viz.  at 
the  fixed  Star  *,  and  while  the  Earth  is  moving 
in  it’s  Orbit  from  A  to  B,  the  Sun  will  appear  to 
pafs  by  the  fixed  Stars  I  alfo  while  the 
Earth  moves  from  B  to  A,  the  Sun  will  appear  to 
have  moved  from  k?  by  the  fixed  Stars  an  X,  &c. 
to  *  3  confequejitly  the  Sun  to  an  Inhabitant  of  the 

Earth 
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Earth  will  appear  to  pafs  over  the  fame  fixed  Stars,  and 
towards  the  fame  Part  of  the  Heavens,  i.  e.  from 
Weft  to  Eaft,  as  the  Earth  appeared  to  an  Obferver 
in  the  Sun. 

31.  Hence  ariles  the  apparent  Motion  of  the  Sun 
from  Weft  to  Eaft.  So  that  if  any  fixed  Star  be 
obferved  to  rife  with  the  Sun ;  fome  Days  after,  the 
Sun  will  have  moved  more  eafterly,  and  the  Star 
will  rife  before  the  Sun,  and  alfo  fet  before  it :  alfo 
if'  a  Star,  in  or  near  the  Path  which  the  Sun  appears 
to  defcribe  in  his  annual  Motion,  and  at  fome  Di- 
ftance  from  the  Sun,  be  obferved  above  the  Elori- 
zon  after  Sun-fet,  it  will  fome  Time  after  that  appear 
to  fet  with  the  Sun,  and  for  a  while,  will  not  be 
vifible  at  Night. 

32.  The  fame  Way  the  Sun  will  appear  to  an  Ob¬ 
ferver  in  any  of  the  other  Planets  to  move  from  Weft 
to  Eaft,  and  to  defcribe  the  fame  Orbit  in  the  Hea¬ 
vens  that  the  Planet  would  appear  to  do  to  an  Obferver 
in  the  Sun. 

33.  The  Circle  in  the  Heavens  that  the  Earth  to 
an  Obferver  in  the  Sun,  or  the  Sun  to  an  Obferver 
in  the  Earth,  appears  to  defcribe  is  called  the  Eclip- 
tick ,  and  it  is  divided  into  twelve  equal  Parts  called 
Signs,  each  containing  30  Degrees,  viz.  the  ^  of 
360.  The  Names  and  Characters  by  which  thefe 

Signs  are  ufually  exprefled,  are  as  follow. 

* 

<y»  n  55  SI  1%  & 

Aries ^  Taurus,  Gemini ,  Cancer ,  Leo ,  Virgo ,  Libra , 

t  v?  ~  x 

Scorpio ,  Sagittarius ,  Capricornus ,  Aquarius ,  Pifces . 

|  34.  Since  the  Earth  is  a  fpherical  Body  expofed 

to  the  Rays  of  the  Sun,  ’tis  plain  half  of  it’s  Body 
muft  be  enlightened,^  while  the  other  half  is  in 
Darknefs  j  and  if  there  be  a  Line  djawn  from  the 

G  2  Center 
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Center  oF  the  Sun  to  that  of  the  Earth,  and  a  Plain 
perpendicular  to  that  Line  pafling  thro*  the  Center  of: 
the  Earth  j  then  this  Plain  will  cut  the  Earth  in  a 
great  Circle,  which  will  feparate  the  enlightened 
from  the  darkened  Hemifphere  *,  and  this  Circle  is 
called  the  Terminator  of  Light  and  Darknefs  upon 
the  Earth. 

35.  If  the  Plain  of  the  Earth’s  Equator  lay  in  the 
Plain  of  the  Ecliptick,  and  confequently  the  Earth’s 
Axis  were  perpendicular  to  the  Ecliptick,  then  the 
Terminator  of  Light  and  Darknefs  would  be  a 
Meridian  j  for  let  the  Circle  PE p  Q^reprefent  the 
Earth,  P  and  p  it’s  two  Poles,  E  Q^the  Equator, 
C  the  Center  of  the  Earth,  and  S  the  Sun  laying 
in  the  fame  Plain  with  E  Qj  then,  by  the  laft  Ar¬ 
ticle,  the  Terminator  mull  be  perpendicular  to  S  C, 
and  confequently,  in  this  Cafe,  to  the  Plain  of  the 
Equator  E  Qj  but  fince  all  great  Circles  perpen¬ 
dicular  to  the  Equator  muft  pafs  thro’  the  Poles, 
and  fo  be  Meridians ;  it  follows  that  in  this  Cafe 
the  Terminator  muft  be  a  Meridian,  as  P  p.  And 
fince  all  Meridians  bifebt  the  Equator  (by  Art.  4. 
Cor.  2.  of  this)  they  muft  aifo  bifebt  it’s  Parallels,. 


confequently  the  Terminator  which  is  here  a  Meri¬ 
dian,  muft  bifcbt  the  Equator  and  all  it’s  Parallels 

fo 
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fo  the  Half  of  each  Parallel  muft  be  always  en¬ 
lightened,  and  the  other  Hall  in  Darknefs ;  and  fince 
by  the  Motion  ol  the  Earth  about  it’s  Axis,  every 
Point  upon  it’s  Surface,  except  the  Poles,  defcribes 
a  Circle  parallel  to  the  Equator  •,  it  plainly  follows, 
that  if  the  Plain  of  the  Equator  lay  in  the  Plain 
of  the  Ecliptick,  every  Point  upon  the  Earth’s  Sur¬ 
face,  except  the  two  Poles,  would  have  the  Sun 
as  long  above  it’s  Horizon  as  below  it,  and  fo 
there  would  be  a  conftant  Equality  of  Day  and 
Night,  viz .  12  Hours  each;  and  the  two  Poles 
would  have  the  Sun  conftantly  moving  round  their 
Horizon. 

36.  The  Axis  of  the  Earth  is  obferved  to  be  in¬ 
clined  to  the  Plain  of  the  Ecliptick  at  an  Angle 
of  about  66  4  Degrees,  and  conlequently  the  Plain 
of  the  Equator  muft  be  inclined  to  the  Ecliptick, 
at  an  Angle  of  23  4.  Degrees,  viz.  the  Complement 
of  the  former.  Alfo  the  Axis  of  the  Earth  in  it’s 
annual  Motion  about  the  Sun,  keeps  always  parallel 
to  the  lame  Line  ;  fo  if  there  be  a  Line  drawn 
thro’  the  Center  of  the  Sun,  parallel  to  the  Earth’s 
Axis,  while  in  any  Point  of  it’s  Orbit,  that  Line 


will  continue  parallel  to  the  Axis,  whatever  Point 
of  the  Orbit,  the  Earth  be  in  (at  leaft  in  a  Year’s 
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Time  the  Difference  is  infenftble).  And  this  muft 
necefifarily  happen,  if  the  Earth  l^ad  no  other 
Motion  but  a  progreflive  one  in  it’s  Orbit,  and 
a  Rotation  about  it’s  Axis.  For  fuppofe  any 
fpherical  Body  as  P  E  p  Q^,  whofe  Center  moves 
along  the  Line  A  B,  and  while  in  A,  let  any 
Diameter  of  it  as  Py>,  be  aflfumed,  inclined  any 
Way  to  the  Line  A  B  •,  then  ’tis  plain  if  the  Body 
had  no  other  but  the  progreflive  Motion,  when 
it  has  come  to  B,  the  Diameter  P  p  will  ftill 
be  parallel  to  it’s  former  Situation  while  in  the 
Point  A  ;  and  if  the  fame  Body  be  fuppofed 
alfo  to  move  round  it’s  Axis  P  />,  5tis  plain  all 
Parts  of  it  would  confequently  be  changing  their 
Situations,  except  the  Axis  which  is  no  way  af- 
fedled  by  the  Rotation,  and  confequently  the 
Axis  muft  always  keep  parallel  to  {he  fame  right 
Line. 

37.  Since  the  Plain  of  the  Equator  is  inclined 
to  the  Plain  of  the  Ecliptick,  therefore  they 
muft  interfed  one  another  in  a  right  Line  pairing 
thro’  the  Center  of  the  Earth,  and  the  Plain  of 
the  Ecliptick  muft  cut  the  Earth  in  a  great 
Circle,  which  will  be  inclined  to  'the  Equator 
at  an  Angle  of  23  4  Degrees,  and  this  will  mark 
^out  upon  the  Earth’s  Surface,  the  Path  of  the  Sun 
in  his  annual  Motion  ;  the  Line  in  which  the 
Equator  inter  feds  the  Ecliptick,  muft  always 
be  parallel  to  the  fame  Line,  whatever  Point  of 
the  Orb  the  Earth  be  in  ;  as  is  evident  from  the  laft 
Article . 

38.  If  thro’  the  Center  of  the  Sun,  there  be 
drawn  a  Line  perpendicular  to  the  Plain  of  the 
Ecliptick ;  then  this  Line  is  called  the  Axis  of  the 
Ecliptick ,  and  the  two  oppoflte  Points  in  which  the 
Axis  meets  the  Heavens,  are  called  the  Poles  cf  the 
Ecliptick v 


39.  That 
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39.  That  great  Circle  in  the  Heavens  which  paffes 
thro’  the  Poles  of  the  World  and  the  Points  of  In- 
terfe&ion,  of  the  Ecliptick  and  Equator,  is  called 
the  Equinoctial  Colure.  And  that  great  Circle  which 
is  at  right  Angles  with  the  former,  and  paffes  thro* 
the  Poles  of  the  Ecliptick  and  World,  is  called  the 
Solftitial  Colure .  The  four  Points  in  which  thefe 
Colures  cut  the  Ecliptick,  are  called  the  Cardinal 
Points.  Thefe  two  in  which  the  equinoctial  Colure 
meets  the  Ecliptick,  are  called  Equinoctial  Points ; 
becaufe  (as  fhall  be  fhewn)  when  the  Sun  is  in  ei¬ 
ther  of  them  there  is  an  Equality  of  Day  and  Night 
to  the  Inhabitants  of  the  Earth ;  and  the  two  P oints 
in  which  the  folftitial  Colure  cuts  the  Ecliptick,  are 
called  the  Solftitial  Points  ;  becaufe  when  the  Sun 
comes  to  either  of  thefe  Points,  he  is  then  at  his 
greateft  Diftance  from  the  Equator,  and  is  begin¬ 
ning  to  return  to  it  again. 

40.  To  explain  the  Phenomena  or  Appearances 
that  arife  from  the  Earth’s  annual  Motion  about  the 
Sun;  fuppofe  W  t  25  ^  the  Earth’s  Orbit,  and  S 
the  Sun  ;  thro’  S  draw  the  right  Line  *  S 
parallel  to  the  common  Line  of  InterfeClion,  of  the 
Ecliptick  and  Equator,  and  meeting  the  Ecliptick 
in  the  two  Points  t  and  — ;  alfo  thro’  S  draw  the 
Line  y?  S  ®  perpendicular  to  the  former;  then, 
5tis  plain  when  the  Earth  is  in  the  Point  —  of  it’s 
Orb,  the  Line  S  joining  the  Centers  of  the  Sun 
and  Earth,  will  coincide  with  the  common  Inter- 
fection  of  the  Ecliptick  and  Equator,  and  fo  lie  in 
the  Plain  of  the  Equator,  and  confequently  be  per¬ 
pendicular  to  the  Earth’s  Axis ;  and  fince  (by  Art . 
34.)  this  Line  is  alfo  perpendicular  to  the  Termina¬ 
tor  of  Light  and  Darknefs,  ’tis  plain  that'  the  Axis 
of  the  Earth  will  lie  in  the  Plain  of  the  Terminator, 
which  therefore  muff  pafs  thro’  the  two  Poles,  and 
fo  be  a  Meridian;  alfo  the  Sun  will  appear  in  the 
oppofite  Point  of  the  Orbit  at  v,  viz.  in  the  Line 
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*2=  S  produced,  that  is,  in  the  Plain  of  the  Equator; 
and  confequently  by  his  apparent  daily  Motion,  he 
will  defcribe  the  celeftial  Equator.  And  fince  in 
this  Situation  of  the  Earth,  the  Terminator  of  Light 
and  Darknefs  is  a  Meridian,  it  will  bifed  the  Equa¬ 
tor  and  it’s  Parallels ;  confequently  the  Half  of  each 
Parallel  will  be  in  the  enlightened  Hemifphere,  and 
the  other  Half  in  the  darkened ;  and  every  Point  upon 
the  Surface  of  the  Earth,  defcribing  by  it’s  daily 
Motion,  either  the  Equator  or  fome  of  it’s  Paral¬ 
lels  •,  it  plainly  follows,  that  when  the  Earth  is  in 
the  Point  ^  of  it’s  Orb,  each  Place  upon  it’s  Sur¬ 
face,  will  be  as  long  in  the  enlightened  Hemifphere 
as  in  the  darkened,  /.  e.  there  will  be  an  Equality  of 
Night  and  Day  (viz.  12  Hours  each)  over  all 
the  Earth,  except  at  the  two  Poles,  where  the  Sun 
will  appear  to  defcribe  the  Horizon  of  each,  viz.  the 
Equator. 

The  Earth,  by  it’s  annual  Motion  being  carried 
along  the  Signs  L,  the  Line  of  Interfedion  of 
the  Ecliptick  and  Equator  remaining  always  parallel 
to  itfelf,  it  cannot  now  be  direded  towards  the  Sun ; 
but  when  the  Earth  is  in  the  firft  Point  of  kf,  it 
muff  make  with  the  Line  S  kf,  joining  the  Centers 
of  the  Earth  and  Sun,  a  right  Angle.  And  fince 
the  Line  S  kf  is  not  in  the  Plain  of  the  Equa¬ 
tor,  but  of  the  Ecliptick,  the  Angle  B  kf  S,  that 
the  Axis  of  the  Earth  A  B  makes  with  S  kf,  will 
be  acute,  equal  to  66  4  Degrees,  viz.  the  Inclina¬ 
tion  of  the  Axis  of  the  Earth  to  the  Ecliptick.  Thro* 
the  Center  ot  the  Earth  kf,  draw  the  Circle  F  L, 
perpendicular  to  S  kf,  and  this  will  be  the  Termi¬ 
nator  of  Light  and  Darknefs,  (by  Art .  34.)  and  the 
Arch  B  L  will  be  23  4  Degrees,  viz.  the  Comple¬ 
ment  of  T  B.  Thro’  the  Center  kf,  draw  the  Circle 
QJi,  perpendicular  to  the  Axis  A  B,  and  this  will 
be  the  Equator  *,  then  fince  the  Arch  E  B  is  equal 
to  the  Arch  T  L,  (being  each  a  Quadrant)  by  tak¬ 
ing 
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ing  away  the  common  Arch  T  B,  we  have  E  T 


equal  to  B  L,  i.  e.  23  i  Degrees.  Make  the  Arch 
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E  M  equal  to  E  T,  and  thro*  the  Points  T  and  M 
draw  the  Circles  T  C,  M  N  parallel  to  the  Equator ; 
then  ’tis  plain  that  when  the  Earth  is  in  the  Point 
kf  of  it’s  Orbit,  the  Sun  will  be  perpendicular  to 
the  Point  T,  diftant  from  the  Equator  E  Q^,  to¬ 
wards  the  North  Pole  B,  2  3  4  Degrees,  which  is 
his  greateft  Declination  North.  The  parallel  T  C  - 
is  called  the  T ropick  of  Cancer ,  and  the  Circle  in  the 
Heavens  concentric  with  this,  which  the  Sun  ap¬ 
pears  to  defcribe  at  that  Time,  is  called  the  Celeftial 
tfropick  of  Cancer ;  becaufe  the  Sun  at  that  Time  ap¬ 
pears  to  be  in  the  Sign  23.  And  becaufe  of  the 
Earth’s  Rotation  about  it’s  Axis,  ’tis  plain  that  all 
the  Points  fituate  upon  the  Parallel  T  C,  will  have 
the  Sun,  when  upon  their  Meridian,  in  their  Ze¬ 
nith.  Alfo  when  the  Earth  is  in  this  Pofition,  ’tis 
plain  that  the  Terminator  of  Light  and  Darkneis 
F  L,  will  go  beyond  the  North  Pole  B  to  L,  23  i 
Degrees  diftant  from  B  ;  and  confequently  the 
South  Pole  A  muff  be  as  far  from  the  Terminator 
L  F  in  the  darkened  Hemifphere.  Thro’  the  Points 
L  and  F,  draw  the  Circles  L  K,  F  G  parallel  to 
the  Equator,  and  thefe  Circles  are  called  Polar  Cir¬ 
cles  ,  that  towards  that  North  is  called  the  Artick 
Circle ,  and  that  towards  the  South  is  called  the  An- 
t artick  Circle.  Now  fince  the  Earth  moves  round 
upon  it’s  Axis  A  B,  ’tis  evident  that  every  Point 
within  the  artick  polar  Circle  K  L,  will,  at  that 
Time,  have  a  continued  Day  •,  and,  on  the  contrary, 
every  Point  within  the  antartick  polar  Circle  F  G, 
will  have  a  continued  Night. 

Again,  the  Earth  moving  forwards  thro’  the  Signs 
x  X  to  y,  the  Sun  will  appear  to  move  thro’  the 
Signs  23  5  si,  %  and  by  Degrees  to  return  again  to 
the  Equator  *,  and  when  the  Earth  has  come  to  the 
Point  v  of  it’s  Orbit,  the  Sun  will  appear  to  be  at 
Now  the  common  Interfedtion  of  the  Ecliptick  and  E- 
quator  ftill  remaining  parallel  to  the  Line  S  ’tis 

plain 
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plain  that  when  the  Earth  has  come  to  the 
Line  S  v,  joining  the  Centers  of  the  Earth  and  Sun, 
will  lie  in  the  Plain  of  the  Equator ;  and  confe- 
quently  the  Sun  will  appear  in  the  celeftial  Equator, 
and  there  will  be  an  Equality  of  Night  and  Day, 
the  fame  Way  as  when  the  Earth  was  in  ^  .  and  in 
this  Situation,  the  Terminator  of  Light  and  Dark- 
nefs  will  again  pafs  thro’  the  two  Poles. 

The  Earth  moving  forwards  thro*  the  Signs 

«  n,  the  Sun  will  appear  to  move  thro’  the  op- 
pofite  Signs  ^  wi  gradually  declining  from  the 
Equator,  towards  the  South  Pole,  and  when  the 
Earth  comes  to  the  Sun  appears  tc  be  in  k?. 
Now  fince  the  Axis  of  the  Earth  AB,  does  not  change 
it’s  Inclination  to  the  Ecliptick,  the  Earth  will  have 
the  like  AfpeCt  and  Pofition  with  refpeCt  to  the  Sun, 
as  it  had  when  in  the  Point  k?  of  it’s  Orbit ;  but  with 
this  Difference,  that  he  is  now  as  far  on  the  South 
Side  of  the  Equator,  as  (when  the  Earth  was  in  k f) 
he  was  on  the  North  Side,  i.  e.  23  4  Degrees,  and 
is  perpendicular  to  the  Point  N  the  Parallel  N  M  is 
called  the  T ropick  of  Capricorn ,  and  the  Circle  in  the 
Heavens  concentric  to  this  which  he  appears  to  de- 
fcribe  at  this  Time,  is  called  the  Celeftial  Fropick  of 
Capricorn ;  becaufe  at  this  Time  the  Sun  appears  to 
be  in  the  Sign  kf  *,  alfo,  all  within  the  North  polar 
Circle  K  L,  which  was  enlightened  when  the  Earth 
was  at  kf9  is  now  in  Darknefs,  and  all  within  the 
South  polar  Circle,  is  now  enlightened. 

41.  We  fhall  now  confiaer  more  particularly  the 
Appearances  that  happen  to  the  different  Places 
upon  the  Earth,  arifing  from  it’s  annual  Motion  a- 
bout  the  Sun,  in  Conjunction  with  the  Rotation  a- 
bout  it’s  Axis.  In  order  to  which  we  muff  confider, 
that  the  Inhabitants  of  this  Earth,  with  refpeCt  to 
their  Situation  upon  it,  are  divided  into  three  Kinds, 
viz.  Firft ,  Such  as  live  upon  the  Equator.  Se¬ 
condly,  Such  as  live  between  the  Poles  and  Equator. 

^ Thirdly , 
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Thirdly ,  Such  as  live  upon  either  Pole.  As  for  thofe 
that  live  upon  the  Equator  *,  let  E  p  P  be  the 
Projection  of  the  Earth  upon  the  Plain  of  fome  Me¬ 
ridian,  P  the  North,  andp  the  South  Pole,  EQ^the 
Equator,  and  E  fome  Place  upon  it  •,  alfo  D  A  the 
Ecliptick,  CD  the  Tropick  of  Capricorn,  and  AB 
the  Tropick  of  Cancer.  Then  ’tis  plain  that  an 
Inhabitant  upon  the  Equator,  fuppofe  at  E,  will 
have  the  two  Poles  P  and  p  in  the  Horizon,  which 
therefore  muft  be  a  Meridian.  And  lince  all  Me¬ 
ridians  bifedt  the  Equator  and  it’s  Parallels  at  -right 
Angles,  and  all '  the  Heavenly  Bodies  defcribing 
Parallels  in  their  apparent  diurnal  Motion  *,  ’tis 


4* 


evident  that  in  one  entire  Revolution  of  the  Earth 
about  it’s  Axis,  all  the  Heavenly  Bodies  muft  come 
in  View,  and  they  muft  rife  and  fet  perpendicular 
to  the  Plorizon,  and  be  as  long  above  it,  as  below, 
i.  e.  twelve  Flours  each.  Now  the  Sun  always  de¬ 
fcribing  fome  Parallel,  or  the  Equator  itfelf,  in  his 
diurnal  Motion  ;  it  follows,  that  to  an  Inhabitant 


upon 
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upon  the  Equator  there  muft  be  a  conftant  Equality 
of  Night  and  Day,  viz.  twelve  Hours  each ;  and 
when  the  Sun  in  his  annual  Motion  comes  to  be 
perpendicular  to  the  Point  F,  he  will  then  delcribe 
the  Equator  in  his  diurnal  Motion ;  and  confe- 
quently  when  he  comes  upon  the  Meridian  of  any 
Place,  E,  on  the  Equator,  he  will  be  in  the  Ze¬ 
nith  of  it ;  and  moving  on  in  the  Ecliptick:  till  he 
be  perpendicular  to  the  Point  A,  (when  he  is  at 
his  greateft  Declination  from  the  Equator  towards 
the  North  Pole  P,  viz.  23  4-  Degrees)  he  will  then 
defcribe  the  Tropick  of  Cancer  A  B,  and  when  he 
comes  on  the  Meridian  of  E,  he  will  be  removed 
from  the  Zenith  towards  the  North  2.3  ~  Degrees ; 
and  moving  flill  on  in  the  Ecliptick,  he  will  appear 
to  return  towards  the  South,  and  palling  the  Zenith 
of  E,  he  will  go  as  far  South,  as  he  was  before 
North,  viz.  234  Degrees.  Confequently  an  Inha¬ 
bitant  on  the  Equator  will  have  the  Sun  in  his  Ze¬ 
nith  twice  in  one  Year,  and  alfo  the  Sun  will  be  halt 
the  Year  on  the  North  Side,  and  half  the  Year  on 
the  South  Side  of  him  ;  and  therefore  will  be  con- 
ftantly  changing  his  Place  in  the  Horizon,  tor  when 
he  is  defcribing  the  Parallel  A  B,  he  will  appear  in 
the  Horizon  at  G,  and  when  he  is  defcribing  the 
Equator  E  Q^,  he  will  be  in  the  Horizon  at  F  (the 
Eaft  or  Weft  Points) ;  alfo  when  he  is  defcribing  the 
Parallel  C  D  he  will  appear  in  the  Horizon  at  H 
South  of  the  Point  F. 

Again,  Let  PE  ^  Q^reprefent  the  Projedtion  » ■ 
of  the  Earth  on  the  Plain  of  fome  Meridian,  .P 
the  North,  and  p  the  South  Pole,  E  Q^the  Equa¬ 
tor,  and  A  tome  Place  upon  that  Meridian,  lying 
between  the  Equator  and  North  Pole,  whofe  Ho¬ 
rizon  is  El  O  ;  alfo  B  D  the  Ecliptick,  B  N  the 
Tropick  of  Cancer,  and  FD  the  Tropick  of  Capri¬ 
corn  ;  thro’  the  Points  H  and  O,  draw  the  Parallels 
O  GP  El  K,  Then  ’tis  plain,  that  to  an  Inhabitant 

at 
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at  A,  the  North  Pole  P  will  be  elevated  above, 
and  the  South  Pole  p  depreffed  as  much  below  the 
Horizon;  and  the  Horizon  will  cut  the  Equator 
and  it’s  Parallels  obliquely.  Now  fince  the  Hori¬ 
zon  and  Equator  are  both  great  Circles,  they  muft 
bifedl  one  another  (by  Art.  4.  Cor .  2.);  therefore 
Half  the  Equator  will  be  above,  and  Half  below 
the  Horizon ;  confequently  when  the  Sun  is  per¬ 
pendicular  to  the  Point  C,  that  is,  when  he  ap¬ 
pears  to  be  in  the  Equator,  there  will  be  an  Equa¬ 
lity  of  Night  and  Day.  And  fince  the  Horizon 
cuts  the  Parallels  obliquely,  it  muft  therefore  cut 
them  unequally,  and  ’tis  plain  from  the  Scheme, 
that  of  thofe  Parallels  which  lie  between  the  Equa¬ 
tor  and  neareft  Pole,  the  greater  Part  is  above  the 
Horizon,  and  the  leffer  below ;  and  thofe  that  lie 
on  the  other  Side  of  the  Equator,  has  the  lefter 


Part  above,  and  the  greater  below  the  Horizon ; 
and  the  nearer  the  Parallels  are  to  the  Poles,  the 
more  unequally  are  they  cut  by  the  Horizon  *, 

confe- 
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confequently  while  the  Sun  is  upon  the  North  Side 
of  the  Equator,  and  by  his  diurnal  Motion  defcrib- 
ing  Parallels,  lying  between  the  Equator  and  North 
Pole  ;  ’tis  plain  he  will  be  longer  above  than  below 
the  Horizon  of  the  Place  A  •,  and  when  he  comes 
to  his  greated  Declination  North,  and  then  de- 
fcribes  the  Tropick  of  Cancer,  ’tis  plain  the  Days 
mull  then  be  at  the  longed  to  the  Place  A  *,  alfo 
the  Sun  returning  towards  the  Equator,  he  will 
defcribe  Parallels,  whofe  Parts  above  the  Hori¬ 
zon,  grow  dill  neater  to  an  Equality  with  thofe 
below,  and  fo  the  Days  will  dill  decreafe  and 
come  nearer  to  an  Equality  with  the  Nights,  till 
he  come  to  the  Equator,  when  the  Day  and  Night 
are  equal ;  and  proceeding  from  the  Equator  towards 
the  South  Pole,  he  will  then  defcribe  Parallels  ly¬ 
ing  between  the  Equator  and  South  Pole,  whofe 
lead  Part  is  above,  and  greated  Part  below,  the 
Horizon ;  and  confequently  the  Days  will  dill  grow 
lefs  than  the  Nights  till  he  comes  to  the  Tropick 
of  Capricorn,  when  the  Day  is  lead  and  the  Night 
greated ;  and  then  returning  to  the  Equator,  the 
Days  will  increafe  and  the  Nights  decreafe.  When 
the  Sun  is  upon  the  Equator,  ’tis  plain,  from  the 
Scheme,  that  his  Place  upon  the  Horizon  will  be  C, 
that  is,  he  will  rife  on  the  Ead  Point  and  fet  on 
the  Wed  Point  of  the  Horizon,  and  when  he  is  in 
the  Tropick  of  Cancer  B  N,  his  Place  upon  the 
Horizon  will  be  M,  which  is  North  of  the  Point 
C,  alfo  when  he  is  in  the  Tropick  of  Capricorn 
F  D,  his  Place  upon  the  Horizon  will  be  L,  which 
is  South  of  the  Point  C  *,  from  which  ’tis  plain,  that 
the  Sun  will  be  always  changing  his  Place  upon  the 
Horizon.  Again,  fince  the  Horizon  of  A  cuts 
the  Equator  and  it’s  Parallels  obliquely,  and  the 
Heavenly  Bodies  by  their  apparent  diurnal  Motion, 
deferibing  Parallels,  ’tis  plain  they  mud  rife  and 
fet  obliquely  j  ajfo  all  gf  them  within  the  Parallel 
~  GO 
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GO  can  never  rife  or  fet,  but  muft  be  conftantly 
in  View;  for  which  Reafon  this  Parallel  G  O  is 
called  The  Circle  of  conftant  Apparition ;  and  all  with¬ 
in  the  Parallel  H  K  can  never  come  in  View,  but 
be  conftantly  below  the  Horizon,  and  therefore 
the  Parallel  H  K  is  called  The  Circle  of  Perpetual 

Occult ation.  '  _  .  0. 

T nfth  Let  PE  1)  Q  reprefent  the  Projection 

of  the  Earth  upon  fome  Meridian,  P  the  North 
and  p  the  South  Pole,  E  the  Equator,  A  B  the 
Ecliptick,  B  C  the  Tropick  of  Cancer,  and  A  D 
the  Tropick  of  Capricorn ;  then  *tis  plain  that  the 
Equator  is  the  Horizon  of  both  Poles,  and  confe- 
quently  the  Northern  Hemifphere  muft  always  be  in 
View,  and  the  Southern  always  hid  to  an  Inhabitant 
at  P;  alfo  the  Heavenly  Bodies  will  appear  to 
move’  in  Circles  parallel  to  the  Horizon,  and  the 


fixed  Stars  will  ever  deferibe  the  fame  Parallels, 
and  always  have  the  fame  Height  above  the  Ho¬ 
rizon.  When  the  Sun  by  his  annual  Motion 

comes 
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comes  to  be  perpendicular  to  the  Point  F,  and  then 
defcribes  the  Equator,  ’tis  plain  he  will  be  in  the 
Horizon  of  both  Poles,  and  by  his  diurnal  Motion 
will  appear  to  move  quite  round  it  •,  and  ftnce 
Half  the  Ecliptick  F  B  is  above,  and  the  other  Half 
F  A  below  the  Horizon  of  P,  ’tis  plain  all  the 
Time  the  Sun  is  in  defcribing  that  Half  of  the 
Ecliptick  on  the  North  Side  of  the  Equator,  he 
will  be  above  the  Horizon  of  P,  and  all  the  Time 
he  is  in  defcribing  the  other  Half  on  the  South 
Side  of  the  Equator,  he  will  be  below  the  Hori¬ 
zon  of  P  ;  from  which  ’tis  plain,  that  an  Inhabitant 
at  either  Pole  will  have  Half  a  Year  continued 
Day,  and  as  long  Night.  And  fince  the  Sun’s 
greateft  Diftance  from  the  Equator  South  or  North 
is  23  A.  Degrees,  ’tis  plain  his  greateft  Altitude, 
or  Depreftion,  above  or  below  the  Horizon  of  either 
j  Pole  muft  be  23  A  Degrees. 

42.  Thofe  that  live  upon  the  Equator'  are  faid 
to  have  a  Right  Sphere ,  becaufe  to  them  the  Hea¬ 
venly  Bodies  appear  to  rife  and  fet  perpendicular 
to  the  Horizon  •,  and  thofe  who  live  between  the 
Equator  and  either  Pole  are  faid  to  have  an  Oblique 

1  Sphere ,  becaufe  the  heavenly  Bodies  appear  to 
rife  and  fet  obliquely  *  and  Laftly ,  thofe  who  live 
on  either  Pole  are  faid  to  have  a  Parallel  Sphere ,  be¬ 
caufe  the  heavenly  Bodies  appear  to  move  parallel  to 
the  Horizon. 

43.  The  Moon  being  an  opaque  fpherical  Body, 

I  it  receives  it’s  Light  from  the  Sun  and  reflects  that 

upon  the  Earth,  and  that  Half  of  it  which  is  op- 
pofite  to  the  Sun,  is  enlightened,  while  the  other 
Half  which  is  averfe  from  it,  is  involved  in  Darknefs; 

I  but  the  Half  which  is  vifible  to  us,  is  that  which  is 
oppofite  to  the  Earth  and  therefore  according  to 
the  various  Situations  of  the  Moon,  with  refpe<ft  to 
j  the  Earth  and  the  Sun,  it  will  have  different  Illumina¬ 
tions  :  for  fometimes  a  greater  and  fometimes  a 
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letter  Part  of  the  enlightened  Hemifphere  is  turned 
to  the  Earth  ;  and  likewife  fometimes  the  Whole, 
and  fometimes  none  at  all  of  the  enlightened  Hemi¬ 
fphere  is  feen  from  the  Earth.  To  explain  which, 
let  S  reprefent  the  Sun,  T  the  Earth,  R  T  X 
a  Part  of  the  Earth’s  Orbit,  which  it  defcribes 
in  it’s  annual  Motion  about  the  Sun,  A  B  C  D- 
E  F  G  H,  the  Orbit  of  the  Moon,  in  which 
it  moves  round  the  Earth  from  Weft  to  Eaft, 
in  the  Space  of  a  Month ;  PNOM  the  Moon’s 
Body,  and  it’s  Center  L  ;  let  the  Centers  ot 
the  Sun  and  Moon  be  joined  with  the  right  Line 
S  L,  then  fuppofe  the  Plain  M  L  N  patting  thro’ 
the  Center  of  the  Moon,  perpendicular  to  the  Line 
S  L ;  and  this  Plain  will  cut  the  Surface  of,  the 
Moon  in  a  great  Circle,  which  will  be  the  Termi¬ 
nator  of  Light  and  Darknefs,  viz.  it  will  divide 
the  enlightened  Hemifphere  from  the  darkened  ;  al- 
fo  let  the  Centers  of  the  Earth  and  Moon  be  joined 
with  the  right  Line  T  L,  and  perpendicular  to  it 
draw  a  Plain  patting  thro’  the  Center  of  the  Moon, 
and  this  will  cut  the  Moon’s  Surface  in  a  Circle 
P  L  O,  which  will  divide  the  vittble  from  the  in- 
vittble  Hemifphere  of  the  Moon;  this  Circle  is  cal¬ 
led  'The  Circle  of  Vijion.  And  hence  ’tis  plain,  that  if 
the  Moon  be  in  the  Point  A  of  it’s  Orbit  oppottte 
to  the  Sun,  the  Circle  of  Vitton  P  L  O  will  coincide 
with  the  Terminator  MLN,  and  fo  the  whole  enlight¬ 
ened  Hemifphere  of  the  Moon  will  be  turned  to¬ 
wards  the  Earth,  and  then  it  is  called  Full- Mo  on, 
with  refpe£t  to  the  Inhabitants  of  this  Earth,  but 
with  refpefl  to  the  Situation  of  the  Sun,  it  is  faid 
to  be  in  Oppofition ;  becaufe  the  Sun  and  Moon, 
feen  from  the  Earth,  appear  at  that  Time  to  be 
in  oppottte  Points  of  the  Heavens.  When  the 
Moon  has  come  to  the  Point  B  of  it’s  Orbit, 
then  ’tis  plain,  that  the  whole  enlightened  Hemi¬ 
fphere  will  not  be  turned  to  the  Earth,  but  a  Part 
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of  it,  as  M  P  will  be  without  the  vifible  Herni- 
fphere,  and  therefore  the  vifible  illuminated  Part 
cannot  be  circular,  but  will  appear  gibbous ;  when 
the  Moon  is  in  the  Point  C  of  her  Orbit,  and  the 
Angle  C  T  S  a  right  Angle,  then  the  Angle  T  C  S 
will  alfo  be  a  right  Angle  (at  lead  differing  little 
from  it)  for  becaufe  of  the  vaft  Diftance  of  the  Sun, 
from  the  Earth  and  Moon,  the  Lines  ST,  SC 
may  be  taken  as  parallel ;  confequently  the  Circle 
of  Vifion  will  bifedt  the  Terminator  at  right  Angles, 
and  fo  only  one  Half  of  the  enlightened  Hemifphere 
will  be  in  the  Vifible,  and  then  the  Moon  appears 
to  be  halv’d,  and  is  called  Half-Moon.  In  this  Si¬ 
tuation  the  Moon  is  only  a  Quadrant’s  Diftance  from 
the  Sun,  and  therefore  it  is  faid  to  be  in  one  of  it’s 
Quadratures.  The  Moon  proceeding  to  D,  ’tis  plain 
that  in  this  Situation  only  a  fmall  Part  P  N  ol  the 
enlightened  Hemifphere  is  turned  to  the  Earth,  and 
the  greateft  Part  N  O  of  the  vifible  Hemifphere 
is  darkened  *,  and  confequently,  becaufe  of  the 
fpherical  Figure  of  the  Moon,  it  will  then  appear 
horned,  and  it’s  Horns  will  be  turned  towards  the 
Weft.  When  the  Moon  is  arrived  at  E,  ’tis  plain 
the  Circle  of  Vifion  will  again  coincide  with  the 
Terminator,  and  the  whole  darkened  Hemifphere 
will  be  turned  to  the  Earth,  and  then  it  is  faid  to  be 
New-Moon ;  but  with  refpedt  to  it’s  Situation  with 
the  Sun  it  is  faid  to  be  in  Conjunction,  becaufe  it  ap¬ 
pears  to  be  in  the  fame  Point  of  the  Ecliptick  with 
the  Sun  i  and  when  it  has  moved  a  little  forward  to 
F,  it’s  plain  Part  of  the  enlightened  Hemifphere, 
•viz.  M  O,  will  be  in  the  Vifible,  and  fo  it  will  again 
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7_Hours  nearly,  called  the  Periodic  Month ;  yet  the 
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Time  it  takes  From  one  Conjunction  with  the  Sun 
to  the  next,  is  greater-,  being  29  Days,  and  about 
1 2  Hours,  which  is  called  The  Synodick  Month  •,  for 
let  S  be  the  Sun.  T  the  Earth,  A  B  a  Part  of  the 
Earth’s  Orbit  about  the  Sun,  and  A  L  D  C  the 
Orbit  of  the  Moon  •,  then  when  the  Earth  is  in  T, 
let  the  Moon  be  in  L,  in  Conjunction  with  the 
Sun  \  and  while  the  Moon  is  moving  from  L  round 
it’s  Orbit  L  A  C  D,  ’tis  plain  that  the  Earth  in  the 
mean  Time  will  be  moving  on  in  it’s  Orbit  about 
the  Sun,  and  carrying  the  Moon’s  Orbit  along  with 
it.  And  when  the  Moon  has  moved  quite  round 
it’s  Orbit,  the  Earth  will  be  carried  from  T  to  /, 
and  the  Moon’s  Orbit  will  be  in  the  Situation, 

/  a  c  and  the  Point  L  will  be  in  the  Line  t  /, 
parallel  to  the  former  T  L,  and  confequently  the 
Moon  will  then  be  in  /  •,  but  will  not  be  in  Con¬ 
junction  with  the  Sun  till  it  has  moved  a  little  fur¬ 
ther  and  deferibed  the  Arch  /  M,  which  is  fimilar  to 
the  Arch  t  T,  becaufe  the  Angles  l  t  M,  /  ST  are 
equal  (by  Art.  36.  Sedi.  I.).  And  hence  it  is  that 
tho’  the  Moon  moves  round  it’s  Orbit  in  27  Days, 
7  Hours,  yet  from  new  Moon  to  new  Moon  it  takes 
29  Days,  12  Hours. 

45.  If  the  Moon’s  Orbit  lay  in. the  Plain  of  the 
Ecliptick  •,  ’tis  plain  in  a  Month’s  Time  the  Moon 
would  move  round  the  fame  Circle  in  the  Heavens, 
that  the  Sun  appears  to  do  in  a  Year,  viz.  the 
Ecliptick  ;  but  the  Moon’s  Orbit  does  not  lie  in 
the  fame  Plain  with  the  Ecliptick,  but  is  inclined 
to  it  at  an  Angle  of  about  live  Degrees,  and  con¬ 
fequently  mull  interfeCl  it  in  a  right  Line  palling 
through  the  Center  of  the  Earth  *,  and  one  Half  ot 
the  Orbit  will  be  above  the  Ecliptick  towards  the 
North,  and  the  other  Half  below  towards  the 
South,  The  Line  of  InterfeCtion  is  called  The  Line 
of  the  Nodes ,  the  two. Extremities  of  w-hich  are  called 
The  Nodes.  The  Node  in  which  the  Moon  is  when 

afeending 
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afcending  above  the  Ecliptick  towards  the  North> 
is  called  The  Afcending  Node ,  or  Dragon's  Head ,  for 
brevities  fake  marked  thus  8  ;  and  the  oppofite 
one,  viz.  that  in  which  the  Moon  is  when  defend¬ 
ing  below  the  Ecliptick  towards  the  South  is  cal¬ 
led  The  Defending  Node ,  or  Dragon's  Taily  marked 
thus  23.  Hence  ’tis  plain,  that  the  Moon  cannot 
appear  in  the  Ecliptick  above  twice  in  one  Period, 
viz.  when  it  is  in  the  Nodes ;  and  in  other  Points 
of  it’s  Orbit,  it  will  be  more  or  lefs  diftant  from 
the  Ecliptick,  according  as  it  is  more  or  lefs  re¬ 
moved  from  the  neareft  Node ;  thefe  two  oppofite 
Points  in  the  Orbit,  that  lie  in  the  Middle  between 
the  Nodes,  are  called  The  Limits  •,  and  when  the 
Moon  is  in  either  of  thefe,  fhe  is  then  at  her 
greateft  Diftance  from  the  Ecliptick. 

46.  The  Height  of  the  neareft  Pole  above  the 
I  Horizon  of  any  Place,  is  equal  to  the  Latitude  of 
that  Place.  For  let  A  be  any  Place  upon  the 
Earth,  A  H  O  it’s  Meridian,  H  O  the  Horizon, 
E  the  Equator,  P  and  p  the  two  Poles  *,  then  ’tis 
|  plain  AE  will  be  the  Latitude  of  the  Place,  and 


A 


PO  the  Height  of  the  neareft  Pole  above  the 
Horizon.  Now  lince  the  Arches  P  E,  and  A  O  are 
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equal,  being  each  a  Quadrant,  from  both  take 
the  common  Arch  A  P,  and  there  will  remain  A  E 
equal  to  P  O  ;  that  is,  the  Height  of  the  Pole  above 
the  Horizon  is  equal  to  the  Latitude.  Alfo  fince 
the  Arches  AH,  and  EP  are  equal,  being  both 
Quadrants,  from  both  take  the  common  Arch  AE, 
and  there  will  remain  E  El  equal  A  P  •,  that  is,  the 
Height  of  the  Equator  above  the  Horizon  of  any 
Place,  is  equal  to  the  Complement  of  the  Latitude 
of  that  Place. 

47.  Great  Circles  paffing  thro’  the  Poles  of  the 
Ecliptick,  and  cutting  it  at  right  Angles,  are  called 
Secondaries  of  the  Ecliptick. 

4.8.  The  Latitude  of  any  heavenly  Body,  is  an 
Arch  of  the  Secondary  palling  thro*  the  Center  of 
the  Objed,  intercepted  between  it  and  the  Eclip¬ 
tick  ;  and  it  is  either  North  or  South,  according  as 
the  Objed  is  on  the  North  or  South  Side  of  the 
Ecliptick. 

49.  The  Longitude  of  any  celeftial  Body,  is  an  Arch 
of  the  Ecliptick  intercepted  between  the  Secondary 
palling  through  that  Body,  and  the  fir  ft  Point  of 
Aries, 

50.  The  Declination  of  any  heavenly  Body  is  an 
Arch  of  a  Meridian  pafiing  over  that  Body,  in¬ 
tercepted  between  the  Center  of  it  and  the  celeftial 
Equator  *,  and  it  is  either  North  or  South  according 
as  the  Body  is  on  the  North  or  South  Side  of  the 
Equator. 

51.  Since  the  Sun  by  his  annual  Motion,  is  al¬ 
ways  either  approaching  nearer  to,  or  going  fur¬ 
ther  from,  the  Equator  j  ’tis  plain  he  muft  be  con¬ 
tinually  changing  his  Declination.  In  the  third 
Table  at  the  End  of  this  Book,  you  have  his  De¬ 
clination  for  every  Day  of  the  Year*,  in  which  you 
may  obferve  that  in  the  Top  Columns  Hand  "the 
Year,  Month,  and  Kinds  of  the  Declination,  viz, 
whether  it  be  South  or  North  and  in  the  Left-Hand 

Column 
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Column  Hands  the  Day  of  the  Month ;  the  other 
Columns  contain  the  Declinations  anfwerable  to 
thefe  \  confequently  to  find  the  Sun’s  Declination 
for  any  Day,  fuppofe  the  twentieth  of  April, 
1731.  I  look  at  the  Top  for  the  Year  1731,  and 
the  Month  April ,  and  in  the  fide  Column  for  20, 
then  in  the  Column  below  April ,  and  on  the  fame 
Line  with  20,  I  find  140,  59'  for  his  Declination 
North ;  and  the  fame  Way  his  Declination  may  be 
found  for  any  other  Day.  But  you  muft  obferve 
|  .  that  this  Table  is  calculated  only  for  the  Meridian 
of  London ,  and  the  Noon  there ;  that  is,  it  fhews 
the  Declination  of  the  Sun  when  upon  the  Meridian 
of  London  *,  and  confequently  to  find  the  Sun’s  De¬ 
clination  for  any  other  Time  ol  the  Day,  we  muft 
confider  whether  the  given  Time  be  before  or  alter 
Noon  •,  if  it  be  before,  then  fay  as  24  Hours  is  to 
the  Difference  between  the  Declination  of  the  Sun, 
the  Noon  of  the  preceding  Day,  and  his  Declina- 
nation  the  Noon  of  the  prefent  Day  j  fo  is  the 
Time  from  Noon  laft  Day,  to  a  fourth  Proportional  ; 
which,  if  the  Declination  be  increafing,  muft  be 
added  to,  but  if  decreafing  fubtradted  from,  the  Sun’s 
Declination  the  Noon  of  the  preceding  Day  ;  and 
the  Sum,  or  Remainder,  is  the  Declination  for  the 
prefent  Time. 

Example.  Suppofe  it  were  required  to  find  the 
Sun’s  Declination,  on  the  fourth  Day  ol  April 
1731,  at  8  Hours,  25  Minutes  in  the  Morning. 
To  do  this,  I  firft  look  in  the  Tables,  for  the  Sun’s 
Declination  the  fourth  Day  ol  April  173 1,  and 
find  it  to  be  90,  39 L  then  I  look  for  it  the  third 
Day,  and  find  it  to  be  90,  17',  the  Difference  of 
thefe  is  22' *,  then  I  fay  as  24  Hours  is  to  22 r  •,  fo  is 
20  Hours  25  Minutes,  the  Time  elapfed  fince  laft: 
Noon,  to  18 L  which  added  to  90,  17'  (becaufe 
the  Declination  is  increafing)  gives  90,  35',  for  the 
|  Sun’s  prefent  Declination.  Again,  if  the  Time 

propofed 

I 

I 

I'M,-/  ; 
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propofed  be  after  Noon  j  then  to  find  the  Declina¬ 
tion  for  that  Time,  we  muft  look  in  the  Tables, 
for  the  Sun’s  Declination  the  Noon  of  the  prefent 
Day  ;  and  for  the  fame,  the  Noon  of  the  following 
Day,  and  take  the  Difference  of  thefe  Declinations ; 
then  fay,  as  24  Hours  is  to  the  Difference  of  the 
Declinations,  fo  is  the  Time  elapfed  fince  Noon, 
to  a  fourth  Proportional ;  which  added  to,  or  fub- 
tradled  from,  the  Sun’s  Declination  the  prefent 
Day  at  Noon  (according  as  the  Declination  is  in- 
creafing  or  decreafing)  gives  the  Sun’s  Declination 
at  the  Time  propofed. 

Example.  Suppofe  it  were  required  to  find  the 
Sun’s  Declination  on  the  twelfth  Day  of  July  1731, 
at  4  Hours,  23  Minutes  after  Noon.  To  do  this 
we  mufl  firft  look  in  the  Tables,  for  the  Sun’s  De¬ 
clination  the  twelfth  Day  of  July  1731  ;  and  will 
find  it  to  be  20°,  13',  then  for  his  Declination  the 
following  Day,  which  is  20°,  oL,  and  the  Diffe¬ 
rence  between  thefe  two  is  12^  then  fay,  as  24 
Hours  is  to  i2;,  fo  is  4  Hours,  23  Minutes,  the 
Time  elapfed  fince  Noon,  to  2^,  which  (becaufe 
the  Sun’s  Declination  is  decreafing)  fubtradled 
from  200,  1 3 the  Declination  of  the  Sun  at  Noon 
of  the  prefent  Day,  leaves  20°,  iT,  the  Sun’s  De¬ 
clination  for  the  Time  propofed. 

And  fince  the  Table  of  the  Sun’s  Declination  at 
the  End  of  this  Book  is  fitted  to  the  Meridian  of 
London ,  ’tis  plain  it  cannot  ferv£  for  the  Meridian  of 
any  other  Place,  lying  on  the  Eafl  or  Weft  Side  of 
the  Meridian  of  London  ^  for  while  the  Sun  by  his 
apparent  diurnal  Motion  is  paffing  from  one  Meridian 
to  another,  he  is  at  the  fame  Time  ftill  moving  on 
in  the  Ecliptick,  and  confequently  altering  his  De¬ 
clination.  Now  to  find  the  Declination  of  the  Sun 
when  he  is  on  the  Meridian  of  any  Place,  lying  on 
the  Eaft  or  Weft  Side  of  London ,  we  muft  take  the 
pifterence  of  Longitude  between  London  and  the 

w 

given 
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given  Place  (or  if  the  Meridian  of  London  be  fup- 
pofed  the  firft  Meridian,  we  muft  take  the  Longi¬ 
tude  of  the  Place)  and  convert  this  into  Difference 
of  Time,  which  will  fhow  the  Time,  before  or 
after  Noon  at  London ,  the  Sun  is  upon  the  Meri¬ 
dian  of  the  Place  propofed  •,  viz.  if  the  Place  lie 
on  the  Eaft  Side  of  London ,  the  Time  will  be  be¬ 
fore  Noon  ;  but  if  on  the  Weil  it  will  be  alter 
!  Noon  •,  then  finding,  according  to  thejpreceding 
Examples,  the  Sun’s  Declination  at  the  lime  pio- 
pofed,  the  fame  will  be  his  Declination  when  on  the 

Meridian  of  the  propofed  Place. 

This  may  be  done  another  Way,  viz.  by  the 
Help  of  the  Table  of  the  Variation  ot  tne  Sun  s 
Declination  to  every  1 5  Degrees  oi  Longitude  from 
the  Meridian  of  London,  annexed  to  the  Table  of 
Declination  ;  the  upper  Column  of  which  contains 
the  Degrees,  and  the  Left  Hand  Side  Column  con¬ 
tains  the  Minutes  of  the  Sun’s  daily  Variation  ;  and 
the  other  Columns  contain  the  Minutes  anfwering 
to  the  Degrees  and  Minutes  in  the  top  and  fide 
Columns.  Now  to  find  the  Sun  s  Declination  any 
Day,  when  he  is  on  the  Meridian  of  any  Place,  ly¬ 
ing  on  the  Eafb  or  Weil  Side  of  London ,  by  tnis 
Table  ;  we  muft  firft  find  the  Sun’s  Declination  for 
the  prefent  and  for  the  following  Day  ;  and  tne 
Difference  between  thefe  two  will  give  us  the 
daily  Variation  at  that  Time  ;  then  look  in  the  Table 
of  Variation,  tic.  at  the  Top,  for  the  Difference 
of  Longitude  between  London  and  the  piopoaM 
Place,  and  in  the  fide  Column  lor  the  Minutes  oi 
'  '  Variation  ;  then  below  thefe  Degrees  in  the  Top 
and  on  the  fame  Line,  with  the  Variation  in  tne 
!  fide  Column  we  will  find  the  Variation  required; 
which,  if  the  propofed  place  be  Weft  oi  London , 
and  the  Declination  increafing,  muft  be  added  to 
the  Declination  for  the  prelent  Day,  and  the  Sum 
is  the  Declination  required ;  but  if  the  Declination 
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be  decreafing,  then  the  Variation  fubtra&ed  from 
the  Declination  gives  that  required  ;  again,  if  the 
Place  lie  on  the  Eaft  Side  of  London ,  and  the  De¬ 
clination  increafing,  then  the  Variation  fubtra&ed 
from  the  Declination  for  that  Day,  leaves  the  De¬ 
clination  required ;  but  if  the  Declination  be  de¬ 
creafing,  then  the  Variation  added  to  the  Declination 
gives  that  required. 

Example.  Let  it  be  required  to  find  the  Sun’s 
Declination  when  he  is  on  the  Meridian  of  St  Lucia 
(whofe  Longitude  from  London  is  6 o°,  15' Weft) 
on  the  fixth  Day  of  April  1731.  To  do  this,  I  firft 
look  in  the  Tables  for  the  Declination  of  the  Sun 
the  fixth  Day  of  April  1731,  and  find  it  to  be 
j9°5  i5,»  ^en  for  the  fame  the  following  Day, 
and  I  find  it  to  be  190,  2 qry  the  Difference  of 
which  is  14  Minutes,  the  Sun’s  daily  Variation  at 
that  Time;  then  I  look  in  the  Top  of  the  Table  of 
Variation,  &c.  for  60  the  Difference  of  Longitude, 
and  in  the  fide  Column  for  14;  and  below  60,  and 
in  the  fame  Line  with  14,  I  find  2  Minutes,  which 
(becaufe  the  Place  is  Weft  of  London ,  and  the  Decli¬ 
nation  increafing)  I  add  to  190,  15I,  and  the  Sum 
is  1 90,  17',  the  Sun’s  Declination  at  St  Lucia  the 
fixth  Day  of  April  1731. 

From  this  you  may  obferve,  that  the  Method  of 
folving  this  Problem  by  the  Table  of  Variation, 
&c.  is  not  near  fo  good  as  the  former,  for  here 
we  can  only  enter  the  Table  with  a  Number  of 
Degrees,  which  is  either  150  or  fome  Multiple 
of  it  below  1 95°,  and  all  the  odd  Degrees  and 
Minutes  muft  be  thrown  away ;  but  in  the  former 
Method  we  can  ufe  any  Number  of  Degrees  and 
Minutes. 

52,  Since  the  fixed  Stars  always  keep  the  fame 
Places  in  the  Heavens  (at  leaft  in  a  few  Years 
their  Variation  is  infenfible),  ’tis  plain  their 
Declination  muft  ftill  be  the  fame.  At  the  End 

of 
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of  the  Table  of  the  Sun’s  Declination,  there  is  a 
Table  of  the  Declinations  of  the  moil  principal 
fixed  Stars. 


SECT.  IV. 

0  find  the  Latitudes  of  Places  by  the  Meridian , 

Altitude ,  and  Declination,  of  any  Celefcial  Objcff . 

%  '  %  • ' 

This  Problem  admits  of  feveral  Cafes ,  according 
as  the  obferved  Object  is  fituate  with  refpedt  to  the 
Equator,  and  Place  ot  Obfervation :  Which  are  as 
follow. 

Cafe  1 .  When  the  Sun  or  Star  obferved  has  no 
Declination,  or  is  upon  the  Equator,  then  the 
Zenith  Diftance  of  the  Object  is  equal  to  the  Lati¬ 
tude  of  the  Place,  which  is  North  Latitude  if  the 
Sun  or  Star  come  to  the  Meridian,  on  the  South 


Side  of  the  Zenith  *,  but  South  if  on  the  North  Side. 
For  in  the  annexed  Scheme,  let  Z  reprefent  the 

Place  of  Obfervation,  P  Q^p  E  it’s  Meridian,  h.  Q_ 

the 
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the  Equator,  H  O  the  Horizon,  P  the  North  and 
p  the  South  Pole ;  then  5tis  plain,  fince  the  ob~ 
ferved  Objedt  is  fuppofed  to  have  no  Declination, 
that  E  will  reprefent  the  Path  of  it’s  diurnal 
Motion,  and  when  it  comes  upon  the  Meridian, 
Z  E  will  be  it’s  Zenth  Diilance,  which  is  manifeft- 
ly  equal  to  the  Latitude  of  the  Place  Z.  And  when 
the  Objedt  at  E  is  South  of  Z,  ’tis  plain  the  Place  Z 
muff  be  North  of  E,  and  confequently  the  Latitude 
will  be  North. 

Cafe  2.  If  the  Sun  or  Star,  when  on  the  Meridian, 
is  in  the  Zenith  •,  then  the  Declination  of  the  Objedt 
is  the  fame  with  the  Latitude  of  the  Place.  For  it  is 
evident  that  in  this  Cafe  they  are  equally  diftant  from 
the  Equator,  and  on  the  fame  Side  of  it  *,  confequent¬ 
ly  if  the  Declination  be  North,  the  Latitude  will  alfo 
be  North,  and  if  South,  South. 

Cafe  3.  If  the  Sun  or  Star  be  between  the  Equa¬ 
tor  and  Place  of  Obfervation,  then  the  Latitude 
of  the  Place  is  equal  to  the  Sum  of  the  Zenith 
Diftance  and  Declination  of  the  Objedt ;  and  it  is 
of  the  fame  Name  with  the  Declination,  viz.  if 
the  Declination  be  North,  the  Latitude  is  alfo 

* 


North,  6?  e  contra .  For  in  the  adjacent  Scheme, 
let  A  B  reprefent  the  Parallel  described  by  the 

obferved 
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obferved  Objed  in  it’s  diurnal  Motion,  and  A  it’s 
Place  upon  the  Meridian,  fituate  between  Z,  the 
Place  of  Obfervation,  and  E  the  Equator  ; 
then  *tis  plain  that  Z  E  the  Latitude  of  the  Place 
Z,  is  equal  to  the  Sum  of  E  A  the  Declination, 
and  A  Z  the  Zenith  Diftance,  and  if  the  Declina¬ 
tion  be  North,  the  Latitude  will  alfo  be  North, 

e  contra  \  fince  in  this  Cafe  the  Objehl  and  Place 
of  Obfervation  lie  both  on  the  fame  Side  of  the 
Equator. 

Example.  Suppofe  on  the  twelfth  Day  of  April 
1732,  the  Sun,  when  on  the  Meridian,  has  52°, 
12 1  of  Altitude,  and  confequently  37°,  48'  Ze-^ 
nith  Diftance,  required  the  Latitude  ol  the  Place  of 
Obfervation. 

-  » 

the  Sun’s  Declination  that  Day  is  -  120,  40'  N. 

,  his  Zenith  Diftance  -  -  -  -  37  ,  48 

the  Sum  is  the  Latitude,  viz.  -  50  ,  28  N. 

Cafe  4.  If  the  Sun  or  Star  be  on  the  contrary 
Side  of  the  Equator,  with  the  Place  of  Obferva¬ 


tion,  and  confequently  both  Declination  and  Zenith, 
Diftance  be  of  the  fame  Name,  viz.  either  both 
North  or  both  South ;  then  the  Latitude  is  fotind 
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by  taking  the  Declination  from  the  Zenith  Diftance, 
and  it  is  of  a  contrary  Name  with  the  Declination. 
For  in  the  adjacent  Figure  let  BD  reprefent  the 
Parallel  defended  by  the  obferved  Objed  in  it’s 
diurnal  Motion,  on  the  other  Side  of  the  Equator 
E  with  the  Place  Z,  and  B  will  be  it’s  Place 
when  upon  the  Meridian  j  then  ’tis  plain,  that  if 
from  Z  B,  the  Zenith  Diftance,  be  taken  B  E  the 
Declination,  there  will  remain  Z  E  the  Latitude  of 
the  Place  of  Obfervation  Z,  and  the  Latitude  will 
be  of  a  contrary  Name  with  the  Declination  ^  fince 
in  this  Cafe,  the  Objed  and  Place  are  on  contrary 
Sides  of  the  Equator. 

,  Example.  Being  at  Sea  the  twelfth  Day  of  Ja¬ 
mary  1732,  I  found  the  Meridian  Altitude  of  the 
Sun  to  be  43°,  15'  5  confequently  his  Zenith 

Diftance  46°,  45',  and  he  was  South  of  me:  Re¬ 
quired  the  Latitude  of  the  Place  of  Obfervation, 
and  which  Way  it  is. 

From  the  meridional  Zenith  Diftance  -  46^,  45^,  S. 
take  the  Sun’s  Declination  -  -  -  19  >  35  >  S. 
there  remains  the  Latit.  ol  the  Place  -  27  ,  10  ,  N. 
When  the  Zenith  Diftance  and  Declination  are  equal, 
and  both  of  the  fame  Name,  then  the  Latitude 
vanifhes,  and  confequently  the  Place  is  fituated  on 
the  Equator. 

Cafe  5.  If  the  Sun  or  Star  be  between  the  Place 
of  Obfervation  and  the  neareft  Pole,  and  confe¬ 
quently  both  Declination  and  Zenith  Diftance  be 
of  the  fame  Name  •,  then  from  the  Declination  fub- 
trad  the  Zenith  Diftance,  and  the  Remainder  is 
the  Latitude  of  the  Place  of  Obfervation,  and  it 
is  of  the  fame  Name  with  the  Declination.  For  in  the 
annexed  Scheme,  let  K  L  reprefent  the  Parallel  de- 
feribed  by  the  obferved  Objed  in  it’s  diurnal  Motion, 
and  K  will  be  it’s  Place  when  upon  the  Meridian  *, 
then  ’tis  plain,  that  it  from  K  E  the  Declination,  be 
taken  Z  K  the  meridional  Zenith  Diftance,  there  will 

remain 
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remain  ZE  the  Latitude  of  the  Place,  which  will 
be  of  the  fame  Name  with  the  Declination*  fmce  the 


upon  the  fame  Side  of  the  Equator.  ^ 

Example  1.  Suppofe  on  the  twenty-third  Day  of 
June  1 733,  I  obferved  the  Meridian  Altitude  of 
the  Sun  to  be  8 20,  4/;  confequently  his  Zenith 
Diftance  70,  56':  Required  the  Latitude  df  the 
Place  of  Observation,  and  which  Way  it  is. 

The  Sun’s  Declination  that  Day  is  -  220,  55^  N. 


his  Zenith  Diftance  -  -  -  -  -  7°’  56 f  N» 

the  Difference  is  the  Latitude*  viz .  -  14°  *  591 

Example  i-.  Being  at  Sea,  I  obferved  the  Meridian 
Altitude  of  the  middlemoft  Star  in  the  T  ail  of  the 
Great  Bear,  to  be  56°,  44^  North  *,  confequently 
it’s  Zenith  Diftance  330,  i6;,  and  it’s  Declination 
being  56°,  22 1  North:  Required  the  Latitude  ot 
the  Place  of  Obfervation,  and  which  Way  it  is. 

From  the  Declination  -  -  -  56°,  22J  N* 

take  the  Zenith  Diftance  -  -  33° 

there  remains  the  Latitude 


6r  N. 


23% 


o6r  N. 

Cafe  6* 


I 
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Cafe  6.  If  the  Sun  or  Star  be  between  the  Hori¬ 
zon  and  the  elevated  Pole,  then  to  the  Altitude 
add  the  Complement  of  the  Declination,  and  the 
Sum  will  be  the  Latitude  of  the  Place  of  Obfer- 
vation,  and  of  the  fame  Name  with  the  Declina¬ 
tion.  For  let  AB  be  the  Parallel  defcribed  by 
the  Objedt  in  it’s  diurnal  Motion,  B  it’s  Place  on 
the  Meridian,  when  between  the  Horizon  and 


z  A. 


elevated  Pole  5  then  ’tis  plain,  that  if  to  B  O  the 
Altitude,  be  added  BP  the  Complement  of  the 
Declination  of  the  Object,  the  Sum  P  O  will  be 
equal  to  the  Height  of  the  Pole  above  the  Hori¬ 
zon,  which  (by  Art.  47.  Set?.  III.)  is  equal  to  the 
Latitude  of  the  Place  of  Obfervation  Z,  and  it  will 
be  of  the  fame  Name  with  the  Declination,  fince 
both  the  Place  and  the  Objedt  are  on  the  fame 
Side  of  the  Equator. 

Example.  Being  at  Sea,  I  obferved  the  bright  Star 
of  the  Harp  on  the  Meridian,  between  the  Horizon 
and  elevated  Pole,  it’s  Altitude  being  8°,  33^,  and 
Declination  38°,  33 1  North:  Required  the  Latitude 
of  the  Place  of  Obfervation. 

To  the  Complement  ol  the  Declinat.  51°,  27 1  N. 
add  the  Altitude  -  -  -  -  -  -  8°,  33^  N. 

the  Sum  is  the  Latitude  -  -  -  -  6o°,  oo/  N. 

Cafe  7, 
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Cafe  7.  When  the  obferved  Obje<d  does  not  fet, 
and  confequently  the  Complement  of  it’s  Declina¬ 
tion  lefs  than  the  Latitude  of  the  Place  then  ’tis 
plain,  the  Objecd  will  be  twice  upon  the  Meridian 
in  24  Hours,  viz.  at  it’s  lead  and  greated  Alti¬ 
tude  i  when  the  Altitude  is  lead,  the  Objedl  is  then 
between  the  Horizon  and  elevated  Pole,  and  by 
that  Altitude  and  Declination  of  the  Objedt,  the 
Latitude  of  the  Place  may  be  found  (as  in  the 
laft  Cafe) ;  but  when  the  Altitude  is  greated,  the 
Objedt  is  then  on  the  other  Side  of  the  Pole. 
Now  with  thefe  two  Meridian  Altitudes,  without 
knowing  the  Declination  of  the  Objedf,  we  can 
find  the  Latitude  of  the  Place,  thus-,  if  the  two 
Altitudes  be  both  on  the  fame  Side  of  the  Zenith, 
then  from  the  greateft  fubtradl  the  lead',  and 
half  the  Remainder  added  to  the  lead  gives  the 
Latitude,  of  the  fame  Name  with  the  Zenith 
Diftance  for  in  the  preceding  Scheme,  where  A  B 
reprefented  the  Parallel  of  Declination,  defcribed 
by  the  Objedl  in  it’s  diurnal  Motion,  B  O  it’s  lead, 
and  A  O  it’s  greated  Meridian  Altitude,  ’tis  plain, 
if  from  A  O  be  taken  B  O,  the  Difference  will  be 
A  B,  the  half  of  which  P  B  added  to  B  O,  gives 
P  O  the  Height  of  the  Pole  above  the  Horizon, 
equal  to  the  Latitude  of  the  Place. 

Example.  Being  at  Sea,  I  obferved  the  Norther- 
mod  of  the  two  preceding  Stars  in  the  Square  of 
the  Great  Bear ,  which  did  not  fet,  and  found  the 
lead  Altitude  to  be  23°,  i2;,  and  the  greated  720, 
46 ;,  both  North  of  my  Zenith  :  Required  the  La¬ 
titude  of  the  Place  of  Obfervation. 

From  the  greated  Altitude  -  -  72°,  46^  N. 

take  the  lead  -  -  -  -  -  -  -  23  ,  12' N. 

/*  .  ».  ■ — ■  ■  "  *  ■  — ~  "*  *** 

the  Remainder  is  -  -  -  -  -  .  *  49  >  34 

the  half  of  which  is  -  -  -  -  -  24  ,  47 

to  which  adding  the  lead  Altitude  -  23,12 


the  Sum  will  be  - 

I  2 


47  5  59 

which 


f  ‘ 


i 
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which  is  equal  to  the  Latitude  of  the  Place,  and 
it  is  North,  becaufe  the  Zenith  Diftance  is  on  the 
North  Side. 

But  if  the  greateft  and  leaft  Meridian  Altitudes 
of  the  Objedt  be  upon  different  Sides  of  the 
Zenith,  viz.  the  one  upon  the  North  and  the 
other  upon  the  South  Side-,  then  from  the  Sup¬ 
plement  of  the  greateft  Altitude  fubtract  the  leaft, 
and  half  the  Remainder  added  to  the  leaft  Alti¬ 
tude,  will  give  the  Latitude  of  the  Place  of  Ob¬ 
fervation,  which  will  be  of  the  fame  Name  with 
the  leaft  Altitude,  viz.  North;  if  the  leaft  Alti¬ 
tude  be  North  of  the  Place,  &  e  contra.  For  in 
the  annexed  Figure,  let  B  A  reprefent  the  Parallel 
defcribed  by  the  Objedt  in  it’s  diurnal  Motion, 
B  and  A  the  Places  of  the  Objedt  when  upon  the 
Meridian,  on  contrary  Sides  of  the  Zenith  Z;  BO 
it’s  leaft  Altitude,  and  H  A  it’s  greateft  Altitude, 
the  Supplement  whereof  is  AO.  Now  ’tis  plain, 
that  if  from  AO  we  take  OB,  the  Remainder 


will  be  AB,  the  half  of  which,  PB,  added  to 
B  O  makes  P  O  the  Height  of  the  Pole  above  the 
Horizon,  or  Latitude  of  the  Place  Z  which  will 
be  North  if  the  leaft  Altitude  BO  be  on  the 
North  Side  of  the  Place,  becaufe  in  this  Cafe  the 
North  Pole  will  be  elevated. 


Example 


Latitude  by  Observation.  1 17 

Example.  Being  at  Sea,  I  obferved  the  Sun  when 
he  did  not  let,  and  found  his  leaft  Meridian  Al¬ 
titude  to  be  30,  29'  on  the  North  Side  of  the 
Zenith,  and  his  greateft  Meridian  Altitude  was 
43 Q,  29 7  on  the  South  Side  :  Required  the  Latitude 
of  the  Place  of  Obfervation. 


From  the  Supplement  of  the  Sun’s 
greateft  Meridian  Altitude  - 
take  his  leaft  Altitude  -  -  -  ■ 


\  136*, 


3i 


20 


and  there  remains  -  -  -  -  -  133,  02 

the  half  of  which  is  -  -  -  -  66  ,  3 1 

to  which  adding  the  leaft  Altitude  -  3  ,  29 


the  Sum  is  -  -  -  -  -  -  -  70  ,  00  N. 

the  Latitude  of  the  Place  of  Obfervation. 


/ 


SECT.  Y. 

;l 

Of  the  Elements  of  Chronology. 

2 .  I  M  E  confidered  abftradtly,  without  any 
j[  Relation  to  external  Objects,  Hows  always 
equally  and  uniformly,  and  it  is  called  Abfolute, 
True,  and  Mathematical  Time,  or,  fimply,  Dura¬ 
tion.  But  that  which  commonly  goes  under  the 
Name  of  Time,  is  a  certain  Part  of  Duration  mea- 
j  .  lured  by  the  fimple  and  uniform  Motion  of  Tome 
Body,  fuch  as  the  Motion  of  the  Celeftial  Bodies ; 
and  particularly  of  the  Sun  and  Moon  •,  this  is  cal- , 
led  Relative,  Apparent,  or  Vulgar  Time. 

2.  Time  is  divided  into  Years,  Months,  Weeks, 
Days,  Hours,  Scruples  or  Minutes,  &c. 

3.  A  Day  is  of  two  Kinds,  viz.  Natural  or  Ar¬ 
tificial  \  a  Natural  Day  is  that  Sp^ce  of  Time  that 
flows  while  the  Sun  moves  from  any  Meridian,  till 
lie  comes  to  the  fame  again.  An  Artificial  Day 

I  3 
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is  that  Space  of  Time  that  the  Sun  continues  above 
the  Horizon,  and  the  Time  he  continues  below  it 
is  called  a  Night. 

4.  An  Hour  is  a  certain  determinate  Part  of  the 
Day,  and  is  either  equal  or  unequal.  An  equal  Hour 
is  thp  twenty-fourth  Part  of  a  natural  Day  and 
an  unequal  Hour  is  the  twelfth  Part  of  an  artificial 
Day,  which  is  alfo  called  a  diurnal  Hour ,  as  the 
twelfth  Part  of  the  Night  is  called  a  no  diurnal 
Hour  ;  thefe  are  like  wife  called  Temporary  Hours , 
becaufe  at  different  Seafons  of  the  Year  they  are  of 
different  Lengths ;  for  a  diurnal  Hour  in  the  Sum¬ 
mer  is  longer,  and  a  nobfurnal  fhorter  *,  than  in  the 
Winter;  but  in  the  equinoctial  Day,  a  diurnal 
Hour  is  equal  to  a  nocfurnal,  and  then  they  are 
called  equinodiial  Hours. 

5.  The  diurnal  Hours  begin  at  the  Riling  and 
end  at  the  Setting  of  the  Sun ;  and  the  nocturnal 
Hours  begin  at  the  Setting  and  end  at  the  Riling  of 
the  Sun.  Thefe  Hours  were  antiently  in  Ufe  among 
the  Jews  and  Romans ,  and  .at  prefent  among  the 
Turks.  They  were  antiently  called  planetary  Hours, 
becaufe  in  every  Hour  one  of  the  feven  Planets 
was  fuppofed  to  prefide  over  the  World  *,  thus  for 
Example,  on  Sunday ,  the  firft  Hour  from  Sun-rifing 
was  allotted  to  the  Sun,  the  fecond  fell  to  Venus , 
the  third  to  Mercury ,  and  fo  on  to  the  reft  in  Order, 
viz.  to  the  Moon ,  Saturn ,  Jupiter ,  and  Mars  ;  by 
which  Means,  the  firft  Hour  from  Sun-rifing,  the 
next  Day  fell  to  the  Moon;  from  which  it  was 
called  Monday ,  and  fo  on  thro’  the  other  Days  of  the 
Week,  each  Day  getting  it’s  Name  from  the  Planet 
that  was  fuppofed  to  prefidb  the  firft  Hour  of  that 
Day. 

6.  The  Day  in  different  Nations  begins  at  diffe¬ 
rent  Times.  Thus  the  Babylonians ,  Ajjyrians ,  and 
feveral  other  eaftern  Nations  began  their  Day  at 
Sun-rifing ;  the  Hour  after  that,  they  called  the 
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firft  Hour,  and  fo  counted  on  till  they  came  to  the 
twenty -fourth  or  laft  Hour,  which  was  the  Hour 
before  Sun-rifmg.  The  Jews  and  Grecians  began 
their  Day  at  Sun-fet ;  as  at  this  Time  the  Italians , 
Sicilians ,  Bohemians ,  Polanders ,  and  Auftrians  do-, 
the  Hour  before  the  Sun-fet  they  call  the  laft  or 
twenty-fourth  Hour,  and  the  Hour  alter  the  Sun 
is  fet,  they  call  the  firft  Hour  ;  and  fo  count  on 
to  the  twenty-fourth,  when  the  Sun  fets  again. 

7.  The  Egyptians ,  and  Romans,  antientiy  began 
their  Day  at  Midnight;  which  was  followed  by 
Hipparchus ,  Copernicus ,  and  other  AJlronomers ,  in 
their  Aftronomical  Obfervations,  and  is  ftill  retained 
in  Britain ,  France ,  Spain ,  and  moft  other  Places  in 
Europe ;  but  the  Arabs  and  modern  AJlronomers ,  be¬ 
gin  the  Day  at  Noon,  viz.  when  the  Sun  is  upon 
the  Meridian. 

8.  A  Week  is  a  Succeflion  of  feven  natural  Days, 
each  of  which  has  a  particular  Name  allotted  to  it, 
viz.  the  firft  is  called  Sunday ,  the  fecond  Monday , 
and  fo  on. 

9.  A  Month  is  a  certain  Syftem  of  Days,  con- 
lifting  of  fomething  more  or  lefs  than  thirty  Days, 
and  is  of  two  Kinds,  viz.  Agronomical  or  Civil ;  an 
Aftronomical  Month  is  that  which  is  governed  ei- 

j  rher  by  the  Motion  of  the  Sun ,  or  that  of  the 
Moon ;  and  confequently  is  of  two  Kinds,  viz.  Solar 
or  Lunar .  A  Solar  Month  is  that  Time  which  the 
Sun  takes  to  run  thro’  a  whole  Sign,  or  the 
twelfth  Part  of  the  Ecliptick  ;  and  a  Lunar  Month 
is  that  which  is  meafured  by  the  Motion  of  the 
I  Moon  round  the  Earth,  and  is  of  three  Kinds,  viz. 
Periodical ,  Synodical ,  and  that  of  Illumination  ;  the 
Periodical  and  Synodical  Months  are  defined  in 
Art.  45.  Sect.  III.  and  the  Month  of  Illumination  or 
!  Apparition ,  is  that  Space  of  Time  contained  between 
the  Day  that  the  Moon  begins  to  appear  alter 
Change,  to  the  Day  that  fhe  difappears ;  and  this 

J  4  con  lifts 
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confifls  of  twenty-eight  Days  nearly.  A  Civil  or  Po~ 
Utical  Month,  differs  from  the  Agronomical ,  and 
confifls  of  more  or  fewer  Days  according  to  the 
Inflitution  of  the  Country  in  which  they  are  ufed. 

io.  A  Tear  is  a  certain  Syftem  of  Months,  and 
is  either  Aftronomical  or  Civil ;  the  Aftronomical 
Tear  is  of  two  Kinds,  viz.  Solar ,  or  Lunar  ,  and 
the  Solar  Tear ,  is  either  Sidereal  or  T ropical.  The 
Sidereal  Tear  is  that  Space  of  Time  that  the  Sun 
takes  to  moye  from  a  fixed  Star  till  he  return  to 
the  fame  again  •,  and  it  confifls  of  365  Days,  6 
Hours,  9  Minutes,  and  14  Seconds-,  the  Tropical 
Tear  is  that  Space  of  Time  which  flows  while  the 
Sun  moves  from  any  one  of  the  Cardinal  Points , 
till  he  returns  to  the  fame  again  and  it  confifls 
pf  365  Days,  5  Hours,  48  Minutes,  and  57  Se¬ 
conds,  and  commonly  gets  the  Name  of  the  Solar 
Tear. 

1 1  •  A  Lunar  Tear  confifls  of  a  certain  Number 
of  Months,  and  is  either  Common  or  Embolifmic.  A 
Common  Lunar  Tear  confifls  of  twelve  Synodic  Luna - 
tionSy  and  an  Embolifmic  contains  thirteen. 

12.  The  Civil  or  Political  Tear  confifls  of  a  cer¬ 
tain  Number  ol  Days,  more  or  fewer,  according  to 
the  Laws  and  Cufloms  of  the  Countries  in  which  it 
is  received. 

13.  Since  the  Common  Lunar  Tear ■  confifls  of 
twelve  Synodic  Months ,  or  354  Days  nearly,  and 
the  Solar  confifls  of  365  Days,  (throwing  away 
the  odd  Hours  and  Minutes)  5tis  plain  that  the 
Solar  Tear  will  exceed  the  Lunar  by  about  1 1 
Days }  and  ponfequently  in  the  Space  of  about 
thirty -three  Years,  the  beginning  of  the  Lunar  Tear 
will  be  carried  thro5  all  the  Seafons }  and  hence  it  is 
called  the  Moveable  Lunar  Tear.  This  Form  of  the 
Year  is  ufed  at  this  Time  by  the  Turks  and  Ara¬ 
bians  ;  and  becaufe  in  three  Years  Time,  the  Solar 
exceeds  the  Lunar  by  33  Daysj  therefore  to  keep 

the 
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the  Lunar  Months  in  the  fame  Seafons  and  Times 
of  the  Solar  Tear ,  or  near  it,  they  added  a  whole 
Month  to  the  Lunar  Tear ,  every  third  Year,  and 
fo  made  it  confift  of  thirteen  Months  *,  this  Year 
they  called  the  Emholifmic  Tear ,  and  the  additional 
Month,  the  Emholimean ,  or  Intercalary  Month.  This 
Form  of  the  Lunar  Year  is  called  the  fixed  Lunar 
Tear ;  and  it  was  ufed  by  the  Greeks  and  Romans 
till  Julius  C^efar* s  Time. 

14.  The  Egyptians  made  Ufe  of  the  Solar  Tears9 
and  made  each  confift  of  365  Days,  which  wants 
of  the  Tropical  Tear ,  almoft  6  Hours ;  and  confe- 
quently  the  Egyptian  Year  began  always  6  Hours 
fooner  than  the  Tropical  Tear  •,  by  which  Means  in 
four  Times  365  or  1460  Years,  (called  the  Great 
Canicular  Tear  or  Sothiacal  Period )  the  Beginning  of 
the  Year  moved  thro5  all  the  Seafons. 

1 5.  Julius  Cafar,  in  order  to  reduce  the  Civil 
or  Political  Tear ,  nearly  to  an  Equality  with  the 
Tropical ,  and  confidering  that  the  Tropical  Tear 
confifted  of  365  Days,  and  6.  Hours  nearly,  which 
exceeded  the  Civil  Tear  by  6  Hours  eacn  Year,  and 
confequently  in  four  Years  exceeded  it  by  one 
whole  Day  *,  he  ordered  that  to  every  fourth  Year 
there  fhould  be  one  Day  added,  and  fo  make  it 
confift  of  366  Days,  by  which  Means  the  Civil 
and  Solar  Tears  were  reduced  pretty  near  to  an  E- 
quality.  This  additional  Day  was  put  in  the  Month 
of  February ,  and  becaufe  in  the  common  It  ear,  the 
twenty-fourth  Day  of  February  was  called  by  the 
Romans ,  the  fixth  of  the  Kalends  of  Ma?ck ,  there¬ 
fore  he  ordered  that  this  Day  fhould  be  added 
after  the  twenty-fourth  Day  of  February ,  and  called 
by  the  fame  Name  ;  there  happening  every  fourth 
Year  two  Sixths  of  the  Kalends  of  March ,  and  hence 
that  Year  was  called  Bifj extile ,  or  Leap  Tear.  This 
Way  is  ftill  retained,  and  made  Ufe  of  by  us. 

1 6.  But 
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1 6.  But  the  true  Length  of  the  Year  being  365 
Days,  5  Hours,  and  49  Minutes  nearly,  and  by 
the  Julian  Account  365  Days  and  6  Hours;  ’tis 
plain  the  Civil  Tear  exceeds  the  Solar  by  1 1  Minutes 
yearly.  Confequently  if  the  Sun  any  Year  enters 
the  Equinoctial  on  the  twentieth  Day  of  March 
at  Noon,  the  next  Year,  he  will  enter  the  Equi- 
110 dial  the  fame  Day,  11  Minutes  before  Noon, 
the  next,  22  Minutes  before  Noon,  and  fo  on. 
Confequently  in  1 3 1  Years  the  Solar  will  anticipate 
the  Civil  Tear ,  by  one  whole  Day  ;  and  fo  either 
Equinox  will  not  happen  always  on  the  fame  Day 
of  the  Civil  Tear ,  but  be  carried  in  a  Retrograde 
Order  thro5  all  the  Days  of  it.  This  was  what  put 
Pope  Gregory  XIII.  upon  reforming  the  Julian 
Kalendar ;  for  finding  that  at  the  Time  of  the 
Nicene  Council ,  when  the  Time  of  celebrating  Eajter 
was  iriflituted,  the  vernal  Equinox  happened  the 
twenty-firfl  Day  of  March  ;  and  by  flowing  con¬ 
tinually  backwards,  it  happened  at  his  Time,  in 
the  Year  157 2,  on  the  eleventh  Day  of  March , 
anticipating  it’s  former  Time,  by  10  whole  Days ; 
he  ordered  that  thefe  10  Days  fhould  be  taken  out 
of  the  Kalendar ,  and  the  eleventh  Day  of  March 
fhould  be  reckoned  the  twenty-firfl ;  and  to  prevent 
the  Seafons  of  the  Year  from  going  any  more  back¬ 
wards,  as  they  were  before,  he  ordered  that  every 
hundred  Year  of  the  Chriftian  ALra  (which  accord¬ 
ing  to  the  Julian  Kalendar  is  Bijjextile)  fhould  be  a 
common  If  ear,  and  fo  confift  only  of  365  Days; 
but  this  being  too  much,  therefore  every  four  hun¬ 
dred  Year  was  to  remain  Bijjextile  or  Leap  Tear . 
This  F  orm  of  the  Year  is  received  in  France ,  Spain , 
Germany \  Italy ,  and  other  Countries,  that  allow 
of  the  Pope’s  Authority ;  as  alfo  in  Holland ,  and 
ieveral  other  Places  where  the  Reformed  Religion 
is  profened.  But  the  Britijh ,  and  other  Reformed 
•  •  '  northern. 
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northern  Nations,  ftill  retain  the  Julian  Form,  which 
is  called  Old  Stile,  and  the  Gregorian ,  New  Stile. 

17.  A  Kalendar  is  a  regular  Difpofition  of  the 
Days' in  the  Civil  Tear,  into  Months  and  Weeks-, 
each  Day  of  every  Week  being  diftinguilhed  from 
another  by  one  of  the  firft  feven  Letters  of  the  Al¬ 
phabet,  viz.  A,  B,  C,  D,  E,  F,  G.  Beginning  at 
the  firft  of  January,  to  it  is  annexed  the.  Letter  A, 
to  the  fecond  the  Letter  B,  to  the  third  C,  and 
fo  on  to  the  feventh,  to  which  is  annexed  the 
1  Letter  G  ;  and  beginning  again  with  the  Letters, 
to  the  eighth  is  annexed  A,  to  the  ninth  B,  to  the 
tenth  C,  and  fo  on  thro’  the  reft  of  the  Days  of 
the  Year,  each  of  them  having  one  of  thefe  Letters 
annexed  to  it.  Hence  ’tis  plain  that  whatever 
Letter  is  placed  againft  any  Day  of  any  Week  ; 
that  Letter  will  be  placed  againft  that  Day  thro’ 
the  whole  Year  :  Thus  if  the  firft  Day  of  Janu¬ 
ary,  againft  which  Hands  the  Letter  A,  be  a  Sun¬ 
day  then  all  the  Days  in  the  Kalendar  having 
the  Letter  A  Handing  againft  them,  will  be  Sun- 
dans.  Alfo  if  the  fourth  Day  of  January,  againft 
which  Hands  the  Letter  D,  be  a  Sunday,  then  all 
the  Days  in  the  Kalendar,  having  D  annexed  to 
them,  will  be  Sundays,  ft  hat  Letter  which  anfweis 
to  the  Sundays  throughout  the  Year,  is  called  the 
Dominical  or  Sunday  Tetter,  for  that  ft  ear. 

But  fince  the  Common  1  ear  confifts  of  365 
Days,  if  that  be  divided  by  feven,  the  Quotient 
will  be  52  Weeks,  and  one  Day  over-,  and  fince. 
if  nothing  remained,  then  whatever  Day  of  the 
Week  the  Year  began  on,  the  lame  Day  of  the 

Week  would  be  the  firft  Day  ot  eacn  fucceeding 

Year  ’tis  plain  that  whatever  Day  of  the  Week 

any  Year  begins  on,  the  fame  Day  of  the  W  eek 

i  will  be  the  lart  Day  of  the  Year  ;  and  confequently, 
if  the  firft  Day  of  January,  to  which  is  an¬ 
nexed  the  Letter  A,  be  Sunday ,  the  laft  Day  01  the 

•  Year 
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Year  will  be  Sunday ,  and  the  firft  of  the  next  wili 
be  Monday ,  and  the  firft  Sunday  of  the  Year  will 
fall  on  the  feventh  Day,  to  which  is  annexed  the 
Letter  G,  which  therefore  will  be  the  Dominical 
Letter  all  that  Year;  and  fince  the  Year  began 
on  Monday ,  it  will  alfo  end  on  Monday ,  and  the 
firft  Day  of  the  next  Year  will  be  Tuefday ;  con- 
fequently  the  firft  Sunday  will  fall  on  the  fixth 
Day,  to  which  is  annexed  F,  which  therefore  will 
be  the  Dominical  Letter  all  that  Year.  And  the 
fame  Way  the  Dominical  Letter  the  Year  following 
will  be  E,  and  for  the  next  D  ;  and  in  this  retro¬ 
grade  Order  the  Dominical  Letter  is  carried  fuc- 
cefiively  thro5  the  feven,  after  which  it  begins  a- 
gain. 

1 8.  From  what  has  been  faid  5tis  plain,  that  if  the 
Year  confifted  of  365  Days  exactly,  after  a  Period  of 
feven  Years,  the  fame  Day  of  each  Month  would  fall 
on  the  fame  Day  of  the  Week.  But  becaule  every 
fourth  Year  is  Bijfextile ;  confiding  of  366  Days, 
which  is  equal  to  52  Weeks,  and  2  Days;  there¬ 
fore  if  that  Year  begins  on  a  Sunday ,  it  will  end  on 
Monday ,  and  the  next  will  begin  on  Tuefday^  and 
the  firft  Sunday  of  that  Year  will  fall  oh  the  fixth 
Day  of  January ,  to  which  is  annexed  the  Letter  F, 
which  will  be  the  Dominical  Letter  for  the  Year 
following  the  Leap  Tear ,  v/hofe  Dominical  Letter  was 
A.  And  fince  the  Bijfextile  or  Leap  Tear ,  returns 
every  fourth  Year,  5tis  plain  the  Series  of  Dominical 
Letters  will  be  interrupted,  and  will  not  return 
till  after  four  times  feven,  or  twenty-eight  Years. 
And  hence  arifes  the  Cycle  of  twenty- eight  Years 
called  the  Solar  Cycle ,  which  being  compleated,  the 
Days  of  the  Month  return  in  the  fame  Order  to  the 
fame  Day  of  the  Week. 

19.  And  fince  in  every  Leap  Tear ,  the  Interca¬ 
lary  Day  is  placed  between  the  twenty-third  and 
twenty-fourth  Day  of  February ,  and  fo  makes 

two 
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two  twenty -fourths  of  February ;  which  in  the  ’ 
Kalendar  are  efteemed  as  one  and  the  lame  Day, 
and  have  the  fame  Letter  affixed  to  them,  and 
which  by  our  Way  of  Reckoning  are  called  the 
twenty-fourth  and  twenty-fifth  Day  of  February, 
5tis  plain  the  Order  of  the  Dominical  Letter  will  at 
that  Time  be  interrupted,  and  the  fucceeding  Letter 
will  take  Place  j  thus  if  in  a  Leap-2  car  the  firfb  of 
January  be  Sunday ,  and  confequently  the  Dominical 
Letter  A ;  the  twenty-fourth  Day  of  February 
will  fall  upon  a  Friday ,  and  the  twenty-fifth  on  a 
Saturday  ;  and  fince  both  thefe  Days  are  marked  in 
the  Kalendar  with  the  fame  Letter  F  •,  the  following 
Day,  which  is  Sunday ,  will  be  marked  with  G, 
which  Letter  will  mark  out  all  the  Sundays ,  and 
confequently  be  the  Dominical  Letter ,  the  remaining 
Part  of  the  Year.  And  hence  it  is,  that  every  Leap 
Fear  has  two  Dominical  Letters ,  the  fine  of  which 
ierves  from  the  Beginning  of  the  Year  to  the  twen¬ 
ty-fourth  or  twenty-fifth  Day  of  February ,  and  then 
the  other  takes  Place,  and  ferves  for  the  reft  of  the 
"Year. 

20.  The  firft  Year  of  the  Solar  Cycle  was  placed 
in  a  Leap  Tear ,  having  for  it’s  Dominical  Letters  G 
and  F,  whence  the  Dominical  Letter  for  the  iecond 
is  E,  for  the  third  D,  for  the  fourth  C  •,  and  the 
fifth  Year  of  the  Cycle  is  again  Bijfextile ,  whole 
Dominical  Letters  are  B  and  A,  confequently  the 
Dominical  Letter  for  the  fixth  Year  is  G,  and  io  on, 
as  in  the  following  Table,  which  fliows  the  Domini¬ 
cal  Letter  for  every  Year  in  the  Cycle . 
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Whence 
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Whence  5tis  plain,  that  by  knowing  the  Year  of 
the  Cycle^  we  can  find  the  Dominical  Letter  anfwer- 
ing  thereto  from  the  Table.  Now  fince  the  fir  ft 
Year  of  the  Chrifiian  /Era  happened  on  the  tenth 
Year  of  the  Cycle ,  and  confequently  nine  Years  of 
the  Cycle  were  elapfed  before  the  Chrifiian  /Era 
commenced  •,  therefore  to  find  the  Year  of  the 
Solar  Cycle  for  any  Year  of  the  Chrifiian  Mr  a ,  and 
the  Dominical  Letter  belonging  to  it ;  we  muft  add 
9  to  the  given  Year,  and  divide  the  Sum  by  28,- 
then  the  Quotient  will  fhow  how  many  compleat 
Cycles  have  palled  fince  the  firft  Year  of  the  Solar 
Cycle ,  that  the  Chrifiian  Mra  commenced  in,  and 
the  Remainder,  if  there  be  any,  will  fhow  the 
current  Year  of  the  Cycle ;  but  if  there  be  no 
Remainder,  then  the  Year  is  the  laft,  or  twenty- 
eighth,  Year  of  the  current  Solar  Cycle  \  and  hav¬ 
ing  found  the  Year  of  the  Cycle,  we  have  the  Do¬ 
minical  Letter  anfwering  it  from  the  preceding 
Table. 

Example.  Suppofe  it  were  required  to  find  what 
Year  of  the  Solar  Cycle  the  Year  1734  is,  and  the 
Dominical  Letter  belonging  to  it. 

Firft ,  I  add  9  to  the  given  Year,  and  the  Sum 
is  1743,  which  divided  by  28,  the  Quotient  62 
fhows  that  there  are  62  compleat  Cycles  elapfed, 
fmee  the  firft  Year  of  that  Cycle  in  which  the 
Chrifiian  Mra  commenced ;  and  the  Remainder  7 
fhows  that  the  Year  1734  is  the  feventh  Year  of 
the  current  Cycle ;  then  looking  in  the  preceding 
Table,  for  the  feventh  Year  of  the  Cycle ,  I  find  the 
Dorninicle  Letter  anfwering  thereto  is  F. 

2 1 .  Since  the  Revolutions  of  the  Sun  and  Moon 
are  found  conftantly  to  be  the  fame,  the  Moon 
moving  with  about  thirteen  Times  the  Velocity  of 
the  Sun  \  it  follows,  that  after  a  certain  Number 
of  Revolutions,  they  muft  meet  again  in  the  fame 
Point  of  the  Heavens  they  did  fomo  Time  before, 

which 
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which  by  Met  on  the  Athenian ,  was  laid  to  be  19 
Years  juft-,  after  the  Expiration  of  which  Time 
the  new  and  full  Moons  were  fuppofed  to  happen 
on  the  fame  Day  and  Time  of  that  Day,  and  in  the 
fame  Month,  they  did  19  Years  before  that.  This 
Cycle  is  from  it’s  Author  called  the  Metcnic  Cycle  ; 
alfo  ’tis  called  the  Lunar  Cycle . 

22.  This  Cycle  began  1  Year  before  the  Com¬ 
mencement  of  the  Chriftian  Mra^  and  confequently 
to  find  what  Year  of  the  Cycle  any  Year  in  the 
Chriftian  Mra  is;  we  muft  to  the  given  Year 
add  1,  and  divide  the  Sum  by  19  then  the  Quo¬ 
tient  will  fhow  how  many  Cycles  have  revolved 
fince  the  Commencement  of  the  Chriftian  Mra ,  and 
the  Remainder  will  fhew  what  Year  of  the  Cycle 
the  prefent  Year  is  *,  if  there  be  no  Remainder, 
then  the  given  Year  will  be  the  laft  or  nineteenth 
Year  of  the  Cycle .  The  Year  of  the  Cycle  anfwer- 
ing  to  any  given  Year,  is,  for  it’s  great  Ufe  in 
determining  the  Times  of  the  new  and  full  Moon , 

j  and  thereby  knowing  what  Day  of  the  Month  Eafter 

I  Bay  falls  upon,  called  the  Golden  Number  or  Prime 
for  that  Year. 

Example.  Required  the  Golden  Number  for  the 
Year  1732. 

Firft  ^  I  add  1  to  the  given  Year,  and  the  Sum 
is  1733,  this  divided  by  19,  gives  91  for  the 
Quotient,  and  4  for  the  Remainder;  which  fbows 
that  there  has  revolved  9 1  compleat  Lunar  Cycles 
fince  the  firft  Year  of  that  Cycle  in  which  the 
Chriftian  Mr  a  commenced,  and  that  the  given 
Year  is  the  fourth  Year  of  the  current  Cycle,-  con¬ 
fequently  4  is  the  Prime  or  Golden  Number  for  the 
Year  1  732. 

23.  It  has  been  fhown,  at  Art.  13.  of  this,  that 
the  Solar  Tear  exceeds  the  Lunar  by  1 1  Days  near- 

I  ly  *,  confequently  if  the  Moon  be  new,  or  in  Con- 

iun&ion  with  the  Sun,  on  the  laft  Day,  or  thirty- 
J  firft 
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firft  of  December  in  any  Year,  on  the  laft  Day  of 
the  next  Year  it  will  be  x  i  Days  paft  Conjunction, 
and  on  the  laft  Day  of  the  following  Year  it  will 
be  22  Days  after  new  Moon;  but  becaufe  in  the 
fucceeding  Year  this  amounts  to  33  Days,  and 
30  Days  being  allowed  for  a  compleat  Moon  : 
5tis  plain,  in  that  Year  there  will  have  happened 

13  Conjunctions,  and  the  Moon  will  be  3  Days 
paft  Change  on  the  laft  Day  of  it ;  consequently 
on  the  laft  Day  of  the  next  Year  the  Moon  will  be 

14  Days  paft  the  Conjunction,  and  fo  continually 
increafing  by  eleven  Days  yearly,  till  after  the  End 
of  1 9  Years  it  will  become  the  fame  as  before.  The 
Age  of  the  Moon,  or  Number  of  Days  paft  fince 
the  Conjunction,  on  the  laft  Day  of  any  Year,  is 
called  the  Epaft  for  the  fucceeding  Year. 

24.  Now  fince  the  Epali  for  the  firft  Year  of 
the  Lunar  Cycle  was  1 1 ,  the  Epabl  for  the  Second 
will  be  22,  for  the  Third  3,  for  the  Fourth  14, 
for  the  Fifth  25,  and  fo  on  conftantly  increafing 
by  1 1 ;  it  follows  that  to  find  the  Epaft  for  any 
Year,  we  muft  multiply  the  Golden  Number  for 
that  Year  by  1 1,  and  divide  the  Product  by  30, 
and  the  Quotient,  if  there  be  any,  will  fhow  how 
many  Embolimean  or  Intercalary  Months  have  hap¬ 
pened  fince  the  firft  Year  of  the  current  Cycle ,  and 
the  Remainder  will  be  the  Epaft  for  the  given 
Year ;  or  will  fhow  how  many  Days  have  elapfed 
between  the  laft  Day  of  the  former  Year,  and  the 
immediately  preceding  Conjunction. 

Example.  Required  the  Epalf  lor  the  Year  1 735. 

Firft ,  By  Art.  22.  I  find  the  Golden  Number  for 
the  Year  1735  to  be  7,  which  multiplied  by  11, 
gives  77,  and  this  divided  by  30?  gives  2  for  the 
Quotient,  and  17  for  the  Remainder,  and  confe- 
quently  there  has  been  2  Intercalary  Months  fince 
the  Commencement  of  the  current  Cycle  to  the  Year 
1 735,  and  17  is  the  Epaii  for  that  Year,  or  it  is 

the 
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the  Age  of  the  Moon ,  the  laft  Day  of  'December 
J'/3  4. 

25.  Since  by  Art.  23.  the  Epatt  for  any  Year 
fhews  the  Age  of  the  Moon  on  the  laft  Day  of 
the  preceding  Year,  ’tis  plain  if  to  the  Epaft  we 
add  1,  the  Sum  will  be  the  Age  of  the  Moon  the 
fir  ft  Day  of  that  Year;  but  becaule  the  Synodical 
Month ,  or  Time  between  any  two  immediate  Con¬ 
junctions,  is  equal  to  29  Days  and  an  Half,  and 
January  containing  3 1  Days ;  therefore  if  to  the 
Age  of  the  Moon  on  the  firft  of  January  be  add¬ 
ed  1  4  or  (to  avoid  Fractions)  2  Days,  the  Sum 
will  be  the  Age  of  the  Moon  on  the  firft  of  Fe¬ 
bruary  ;  and  becaufe  in  common  Years  the  Days 
in  January  and  February  taken  together  make  59, 
which  is  exadtiy  equal  to  two  entire  Lunations* 
therefore  the  Age  of  the  Moon  on  the  firft  of 
January  will  be  the  fame  with  it’s  Age  on  the 
firft  of  March ,  and  confequently  to  it’s  Age  oil 
the  firft  of  January ,  there  is  nothing  added*  in 
common  Years,  for  it’s  Age  on  the  firft  of  March ; 
but  in  Leap  Tears  the  Sum  of  the  Days  ih  Ja¬ 
nuary  and  February  being  60,  which  is  more  than 
two  entire  Lunations  by  1  Day,  it  is  evident  that 
in  this  Cafe,  we  muft  add  1  Day  to  the  Moon’s 
Age  on  the  firft  of  January ,  and  the  Sum  will  be 
it’s  Age  on  the  firft  of  March.  And  by  the  fame 
Way  of  Reafoning  it  will  appear,  that  to  find  the 
Age  of  the  Moon  on  the  firft  Day  of  any  Month* 
we  muft  add  to  it’s  Age  on  the  firft  of  January 
the  following  Numbers;  viz.  for  February  2,  for 
1  March  o,  in  common  Years,  and  1  in  Leap  Years, 
for  April  2,  for  May  3,  for  June  4,  for  July  5, 
for  Auguft  6*  for  September  8,  for  October  8,  for 
November  10,  and  for  December  10.  Thefe  addi- 
i  tional  Numbers  are  called  the  Numbers  of  the 
Months. 

t  ii  n  , 

K  26.  From 


•  m  *  * 

* 
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26.  From  what  has  been  faid  in  the  two  laft 
Articles,  there  naturally  follows  this  Rule  for  find¬ 
ing  the  Age  of  the  Moon  on  any  Day,  of  a  given 
Year,  m.  To  the  Epaft  for  the  given  Year,  add 
the  Day  of  the  Month  and  Number  of  the  Month, 
and  if  the  Sum  be  lefs  than  30  it  is  the  Age  of  the 
Moon  required;  but  if  it  exceed  30  then  take  30 
from  it  and  the  Remainder  is  the  Moon's  Age. 

Example.  Required  the  Moon's  Age  on  the  1 3  Day 
of  May  1733. 

Firft ,  by  Art.  24.  I  find  the  Epaff  for  that  Year 
to  be  25  to  which  adding  1 3  the  Day  of  the  given 
Month  and  3  the  Number  of  it,  the  Sum  is  41  ; 
from  which  taking  30  there  remains  11,  the  Moon's 
Age  on  the  given  Day. 

27.  Since  the  Moon  takes  30  Days  from  one 
Conjunction  with  the  Sun  to  the  next  following, 
’tis  plain  fhe  muft  be  1 5  Days  old  when  Fully  and 
7  4  when  in  the  firft  Quarter ;  and  224-  Days  old 
when  in  the  laft  Quarter.  Confequently  to  find  in 
any  Month  of  a  given  Year  the  Day  of  the  Moon's 
Change ,  and  when  Full ,  and  when  in  either  Quar¬ 
ter 3  we  have  this  Rule,  viz.  Aftiime  any  Day  of 
that  Month  at  Pleafure,  and  by  the  laft  Art.  find 
the  Age  of  the  Moon  on  that  Day  ;  then  if  it  be 
1 5  the  Moon  will  be  full  that  Day,  and  counting 
7  4  Days  backwards  and  forwards  from  that  Day, 
you’ll  have  the  Times  of  the  firft  and  laft  Quartersy 
and  by  counting  backwards  and  forwards  from  it, 
1 5  Days  you’ll  have  the  Times  of  the  laft  and  next 
Change.  But  if  the  Age  of  the  Moon  be  greater 
than  !  5,  then  take  1 5  from  it,  and  the  Remainder 
will  fiiow  how  many  Days  have  run  fince  laft  Full- 
Moon.  So  counting  thole  backwards  you’ll  have 
the  Day  the  laft  Full- Mo  on  happened  on ;  and  by 
knowing  that  we  can  find  the  Days  of  the  Change 
and  either  Quarter  as  before.  Again,  if  the  Age 
of  the  Moon  on  the  afiumed  Day  be  lefs  than  1 5, 

'  *  then 
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then  take  that  from  15,  and  the  Remainder  will 
fliow  how  mahy  Days  are  to  run  till  the  next  'Full- 
Moon  ;  and  therefore  counting  fo  many  forwards* 
you  will  have  the  Day  of  the  Full-Moon ,  by  which 
you  may  find  the  Days  of  the  Change ,  and  either 

Quarter  as  above. 

Example.  Required  the  Times  of  Full-  Mo  on ,  New- 
Moon ,  and  firft  and  laft  Quarters  in  October  1 7  34* 

Fir  ft  ^  I  afifume  any  Day  at  Pleafure,  fuppofe 
the  tenth  of  that  Month  •,  then  by  the  laft  Art.  I 
find  the  Moon' s  Age  on  that  Day  to  be  24  Days* 
from  which  taking  1 5  there  remains  9,  the  Num¬ 
ber  of  Days  fince  the  laft  Full-Moon •,  therefore 
counting  fo  many  Days  backwards,  I  find  the  Full- 
Moon  happens  on  the  firft  Day  of  that  Month,  and 
counting  7  \  Days  forwards  from  that  I  find  that 
the  laft° Quarter  happens  on  the  ninth  Day  ;  then 
from  the  firft  Day,  on  which  the  Full-Moon  hap¬ 
pens,  counting  1 5  Days  forwards,  I  find  that  the 
Change  falls  on  the  16  Day,  and  reckoning  J  i  Days 
forward  from  that,  I  find  that  the  fiift  Quarter 

falls  on  the  twenty-fourth  Day.  #  , 

28.  When  the  Moon  is  in  Conjunction  with  the 
Sun,  then  they  both  come  to  the  Meridian  at  the 
fame  Time  •,  but  the  Moon  moving  ft.in  Pafterly 
with  a  Velocity  much  greater  than  that  of  the 
’tis  evident  that  when  the  Sun  comes  on  the  Meri¬ 
dian  the  next  Day,  the  Moon  will  be  on  trie  Laft  bide 
of  it,  and  confequently  cannot  be  upon  the  Meri¬ 
dian  till  fome  Time  after  the  Sun  •,  and  becaufe  ike 
compleats  her  Revolution  in  30  Days,  therefore  in 
that  Time,  the  Difference  of  Time  between  the  Sun 
and  Moon's,  being  on  the  Meridian  will  run  t  ro 
the  whole  24  Hours :  And  hence  by  obferving  any 
Day  how  long  Time  the  Moon  takes  to  be  upon 
the  Meridian  after'  the  Sun ,  we  may  by  this  find 
the  Age  of  the  Moon  that  Day,  making  the  to  - 

lowing  Proportion,  viz.  As  24  Hours,  w“°  c 
&  r  &  2  Different* 


132  The  Elements  of  Chronology „ 

Difference  of  Time,  is  to  30  Days,  the  whole 
Number  of  Days  from  Change  to  Change ,  fo  is  the 
obferved  Difference  of  Time  on  any  Day,  to  the 
Days  run  fince  the  laft  Change ,  or  the  Ao-e  of  the 
Moon  at  that  Time. 

Example .  Suppofe  on  any  Day  the  Moon  is  ob¬ 
ferved  to  be  upon  the  Meridian  5  Hours  after  the 
Sun ;  Required  the  Age  of  the  Moon  at  that  Time. 
Make  it,  as  24  is  to  30,  fo  is  5  to  6  4  j  confequent- 
ly  the  Moon  is  6  T  Days  old  at  the  Time  of  Qbfer- 
vation.  ' 

29.  The  Moon  moving  round  her  Orbit,  or  360 
Degrees,  in  30  Days,  fhe  muff  move  12  Degrees 
in  1  Day  ;  but  fince  her  Motion  is  from  Weft  to 
Eaft,  and  any  Heavenly  Body,  1 5  Degrees  to  the 
Eaftward  of  another,  being  1  Hour  later  of  coming  > 
to  the  Meridian  than  that  other ;  therefore  making 
it  as  15  Degrees  is  to  1  Hour,  fo  is  12  Degrees  to 
4  of  an  Hour,  or  48  Minutes ;  we  find  that  the 
Moon  is  always  48  Minutes  later  of  coming  to  the 
Meridian  any  Day  than  fhe  wras  the  Day  before  ; 
and  becaufe  fhe  comes  on  the  Meridian  at  the  fame 
Time  with  the  Sun  on  the  Day  of  her  Change  *, 
therefore  to  find  her  Southings  or  Time  of  her  com¬ 
ing  on  the  Meridian,  any  Day,  we  muft  firft  find 
her  Age  (by  Art.  2 6.)  for  that  Day,  then  this 
multiply ed  by  48,  will  give  the  Minutes  of  Diffe¬ 
rence  of  Time  between  the  Sun  and  Moon's  coming 
on  the  Meridian  •,  which,  divided  by  60,  will  fhow 
how  many  Hours  and  Minutes  the  Moon,  is  later 
of  coming  on  the  Meridian  than  the  Sun ;  and 
counting  fo  many  forwards  from  twelve  of  the  Day, 
we  have  the  Time  of  the  Moon's  Southing.  If  the 
Hours  and  Minutes  found  as  above  be  lefs  than 
12,  then  that  will  be  the  Time  of  the  Moon's 
Southing  after  Noon ;  but  if  greater  than  12,  then  take 
12  from  them,  and  the  Remainder  will  be  the  Time 
of  the  Moon's  Southing  in  the  Morning. 

Example. 
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Example.  Required  the  Time  of  the  Moon's 
Southing  on  the  12th  of  October  1732. 

Firft ,  (By  Art <  26.)  I  find  the  Age  of  the  Moon 
that  Day  to  be  4  Days,  which  multiplyed  by  48 
gives  192  Minutes,  for  the  Difference  of  Time  be¬ 
tween  the  Sun  and  Moon's  coming  to  the  Meridian 
that  Day*,  and  this  divided  by  60  gives  3  Hours 
and  12  Minutes;  which  being  lefs  than  12  Hours, 
is  the  Time  of  the  Moon's  Southing  after  Noon. 

Example  2.  Required  the  Time  of  the  Moon's 
•  Southing  the  21ft  Day  of  May  1 733. 

Firft,  (By  Art.  2.6.)  I  find  the  Moon's  Age  that 
Day  to  be  19  Days,  which  multiplied  by  48  gives 
912  Minutes,  the  Difference  of  Time  between  the 
Sun  and  Moon's  being  on  the  Meridian  that  Day, 
and  this  reduced  makes  1 5  Hours  and  1 2  Minutes ; 
from  which  taking  12,  there  remains  3  Hours 
1 2  Minutes,  which  (hews  that  on  the  2 1  ft  of  May 
1 733,  the  Moon  comes  on  the  Meridian,  at  12 
Minutes  paft  3  in  the  Morning. 

30.  It  was  laid  at  Art.  20.  of  this,  that  the  firft 
Year  of  the  Solar  Cycle  was  Leap-Year ;  confequent- 
ly  the  fifth  muff  be  Leap-Tear ,  and  the  ninth  muff 
alfo  be  Leap-Tear ;  but  the  Chriftian  Mr  a  com¬ 
mencing  on  the  tenth  Year  of  the  Solar  Cycle, 
therefore  the  firft  Year  of  that  was  the  firft  after  Leap- 
Tear,  and  the  fourth  was  Leap-Tear,  alfo  the  eighth, 
twelfth,  fixteenth,  &c.  were  Leap-Tears ;  whence 
to  find  whether  any  propofed  Year  of  the  Chriftian 
Mra  be  Leap-Tear,  or  how  many  it  is  paft  the 
laft  Leap-Tear ;  we  muft  divide  the  propofed  Year 
by  4,  and  if  nothing  remain,  then  the  propofed 
Year  is  Leap-Tear ;  but  if  any  Thing  remain,  that 
will  fhow  how  many  Years  have  paft  fince  laft 
Leap-Tear. 

Example.  Required  whether  the  Year  1730  be 
Leap -Tear,  or  how  many  fince  laft  Leap-Tear . 
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I  divide  the  propofed  Year  1730  by  4,  and 
there  remains  2,  fo  I  conclude  that  the  Year  1730 
is  the  fecond  after  Leap-Tear. 

31.  It  has  been  ihown  at  Art.  17.  of  this,  that 
to  every  Day  of  the  Year  there  is  annexed  one  of 
the  firft  feven  Letters  of  the  Alphabet,  beginning 
with  A,  which  is  always  annexed  to  the  firft  of 
January ,  and  in  any  common  Year,  the  Letter  an¬ 
nexed  to  the  firft  Sunday  of  January  is  called  the 
Dominical  Letter  for  that  Year;  but  each  Leap-Tear 
having  two  Dominical  Letters  (by  Art.  19,)  the  firft 
of  which  ferves  from  the  Beginning  of  the  Year 
to  the  twenty-fourth  or  twenty-fifth  pf  February , 
and  the  other  for  the  reft  of  the  Year*,  ccnfequently 
the  Dominical  Letter  for  any  common  Year,  will 
fhew  what  Day  of  J ami  ary  the  firft  Sunday  of  that 
Year  happens  upon,  reckoning  from  A  (which  is 
annexed  to  the  firft  of  January)  according  to  the 
natural  Order  of  the  Letters,  and  in  any  Leap-Tear 
the  firft  of  it’s  two  Dominical  Letters  will  fhew  what 
Day  of  January  the  firft  Sunday  of  that  Year  falls  on, 
counting  from  A,  as  above*,  thus  in  the  Year  1730, 
the  Dominical  Letter  is  D,  fo  counting  from  A,  viz. 
making  A  one,  B  two,  C  three,  and  D  four,  I 
find  that  the  firft  Sunday  of  that  Year  falls  on  the 
fourth  Day  of  January  ;  and  by  knowing  what  Day 
of  January  the  firft  Sunday  of  any  Year  falls  on, 
we  may  know  what  Day  of  the  Week  the  firft  Day. 
pf  that  Year  falls  upon,  by  counting  fo  many 
Days  back  from  Sunday  *,  thus,  fince  in  the  Year 
1730,  the  firft  Sunday  falls  upon  the  fourth  of 
January  *,  therefore  the  third  will  be  Saturday ,  the 
fecond  Friday ,  and  the  firft  Fhurfday  *,  confequent- 
ly  the  Year  1730  begins  upon  Fhurfday.  From 
what  has  been  laid,  there  arifeth  the  following 
Rule  for  finding  what  Day  of  the  Week  any  Day 
of  a  given  Year  falls  upon,  viz.  Find  the  Day  of 
the  Week  anfwering  to  the  firft  of .  January  that 

Year ; 
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Year ;  then  add  together  the  Days  contained  in 
each  Month  from  the  Beginning  of  the  Year  to 
the  Month  in  which  the  propofed  Day  is,  and  to 
this  add  the  Day  of  the  given  Month :  Laftly ,  Di¬ 
vide  this  Sum  by  7,  and  if  nothing  remain,  then 
the  Day  of  the  Week,  preceding  that  Day  which 
anfwers  to  the  firft  of  "January  that  Year,  is  the 
Day  anfwering  to  the  propofed  Day  *,  but  if  any 
Thing  remain,  then  counting  fo  many  forward 
(beginning  with  that  Day,  the  firft  of  January  falls 
on)  we  fhall  have  the  Day  of  the  Week, ^  the  pro¬ 
pofed  Day  falls  upon.  Note,  The  Days  contained 
in  each  Month,  are  as  follow,  viz.  January  31, 
February  28  in  common  Years,  and  29  in  Leap- 
Years  ^  March  31,  April  30,  May  31,  June  30, 
July  31,  Auguft  31,  September  30,  Ottober  31,  No¬ 
vember  30,  December  31. 

Example.  Required  what  Day  of  the  Week  thp 
eighth  of  July  1730  falls  upon. 

Firft ,  By  the  preceding  Rule  in  this  Article ,  I 
find  that  the  firft  of  January  1730  falls  upon  a 
F hurfday  •,  then  to  the  Numbers,  31,  28,  31,  39, 
31,  30.  anfwering  to  the  elapfed  Months,  I  add  8 
the  Day  of  the  given  Month,  and  the  Sum  189 
divided  by  7,  there  remains  nothing,  fo  I  conclude 
that  the  eighth  of  July  173°  uPon  a  JVednefday. 

Example  2.  Required  what  Day  of  the  Week  the 
twenty-firft  of  March  1730  falls  upon. 

By  proceeding  as  in  the  laft  Example,  I  find 
after  Divifion  that  3  remains,  and  the  Year  be¬ 
ginning  upon  a  Fi hurfday,  therefore  counting  Fhurf- 
day ,  1,  Friday  2,  and  'Saturday  3,  I  find  that  the 
propofed  Day  falls  upon  Saturday. 

32.  According  to  the  Decree  of  the  Niicenc  Coun¬ 
cil  (which  is  followed  by  the  Church  ot  England) 
the  Sunday  after  the  fourteenth  Day  of  that  Moon 
which  happens  after  the  twenty-firft  of  March  in- 
clu  lively,  i.  e.  after  the  Commencement  of  the 
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twenty -  firft  of  March ,  is  Eafter -Sunday.  And 
iince  the  fourteenth  Day  of  that  Moon^  or  the 
Pafchal  Full- Moon  can  never  happen  before  the 
twenty-firfl  of  March ,  nor  after  the  eighteenth  of 
April  \  therefore  Eafter -Bay  can  never  happen 
fponer  than  the  twenty  -  fecond  of  March ,  nor 
later  than  the  twenty-fifth  of  April.  Now  to  find 
what  Day  of  March  or  Aprils  Eafter-Bay  falls  up¬ 
on  in  any  Year,  we  have  from  the  foregoing  Ar¬ 
ticles,  the  following  Rule,  viz.  Firft ,  (by  Art.  26.) 
find  the  Age  of  the  Moon  on  the  twenty-firfl  of 
March  that  Year,  and  if  if  be  14,  then  by  the 
laft  Article  find  the  Day  of  the  Week  anfwering  to 
it,  and  the  Sunday  following  is  Eafter-Bay  •,  but  if 
the  Moon’s  Age  on  the  twenty-firfl  of  March  be 
not  14,  then  reckon  forward  to  the  Day  in  which 
her  Age  is  14,  and  by  the  laft  Article ,  find  the 
Day  of  the  Week  anfwering  to  that  Day,  and  rec¬ 
koning  forward  to  the  next  Sunday ,  we  fhall  have 
the  Day  required. 

Example .  Required  when  Eafter-Bay  happens  in 
the  Year  1730. 

Firft ,  I  find  (by  Art.  26.)  that  the  Age  of  the 
Moon  on  the  twenty-firfl  of  March ,  1 730,  is  13*, 
confequently  counting  1  forward,  I  find  that  the 
14  Day  of  the  Moan,  or  the  Pafchal  Full- Moon , 
happens  on  the  twenty-fecond  Day  of  March ;  then 
(by  Art.  31.)  I  find  tha£  the  twenty-fecond  of 
March  1730,  is  Sunday  \  therefore  counting  forwards 
to  the  next  Sunday ,  which  is  Eafter-Bay ,  I  find  it 
happens*  on  the  twenty-qinth  of  March.  Note ,  In 
Leap-Years ,  inflead  of  the  twenty-firfl  of  March , 
you  muft  ufe  the  twentieth ;  becaufe  in  thefe  Years 
February  is  increafed  by  1  Day. 

33.  From  the  Cycles  of  the  Sun  and  Moon  (ex¬ 
plained  in  Art.  18.  and  21.)  multiplied  into  one 
another,  there  arifes  another  Cycle  of  532  Years, 
called  the  V 1  dorian  or  Bicnyfian  Cycle ,  from  Biony - 
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fins  it’s  Author ;  after  the  compleating  of  which, 

'  not  only  the  New-Moons  and  Full-Moons  return  to 
the  fame  Day  of  the  Month  nearly  ;  but  likewife 
the  Days  of  every  Month  return  to  the  lame  Days 
of  the  Week  ;  and  confequently  the  Dominical  Let¬ 
ters,  and  all  the  Moveable  Feafts ,  return  in  the  fame 
Order :  Whence  this  Cycle  is  called  Fhe  Great  Paf- 
chal  Cycle .  Now,  becaufe  the  Chriftian  z Era  com¬ 
menced  on  the  457th  Year  of  the  Cycle ;  therefore 
to  find  the  Year  of  the  Dionyfian  Period  for  any 
Year  of  the  Chriftian  /Era,  we  have  the  following 
Rule,  viz .  To  the  current  Year  of  the  Chriftian 
/Era,  add  457,  and  divide  the  Sum  by  532 ;  then 
the  Quotient  will  fliew  how  many  Periods  have  pall 
fince  the  Beginning  of  that  in  which  the  Chriftian 
/Era  commenced,  and  the  Remainder  will  fhew  the 
Year  of  the  Dionyfian  Period  anfwering  to  the  given 
Year. 

Example.  Required  the  Year  of  the  Dionyfian  Pe¬ 
riod ,  for  the  Year  of  Chrift ,  1733* 

Firft ,  I  add  to  1733  the  Number  457,  and  the 
Sum  is’2190  5  then  I  divide  this  by  532^  and  the 
Quotient  is  4,  and  Remainder  62  •,  confequently 
there  has  pad  4  Dionyfian  Periods  fince  the  Begin¬ 
ning  of  that  in  which  the  Chriftian  Air  a  com¬ 
menced,  and  the  given  Year  is  the  6 2d  of  the  Cur¬ 
rent  Cycle. 

34.  Befides  the  Cycles  of  the  Sun  and  Moon, 
there  is  another  Cycle  confiding  of  15  Years, 
called  the  Cycle  of  Indiftion ,  which  hath  no  Con¬ 
nexion  with  the  Leledial  Motions,  and  which  was 
made  ufe  of  by  the  Romans  for  feme  Civil  Pur- 
pofes,  and  is  dill  ufed  by  the  Popes  of  Rome  in 
their  Bulls  and  Diplomas.  The  Year^  before  the 
Birth  of  Chrift  was  the  third  Year  of  this  Cycles 
and  confequently  to  find  the  Year  of  Indiblion  tor 
any  Year  in  the  Chriftian  /Era,  we  have  this  Rule, 
viz.  to  the  given  Year  add  3,  and  divide  the  Sum 
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^7  1 5>  ^en-  if  there  be  no  Remainder,  the  given 
lear  is  the  fifteenth  of  the  Indidiion  \  but  if  there 
be  any  Remainder,  that  will  fhew  what  Year  of  the 
Indidiion  the  given  Year  is ;  and  the  Quotient  will 
fhew  how  many  compleat  Cycles  of  In di diion  has  pall 
fince  the  firft  Year  of  that  in  which  the  Chriftian 
Mr  a  commenced. 

Example.  Required  the  Year  of  Indi diion ,  for  the 
Year  1733  of  the  Chriftian  Mr  a. 

Firft i  I  add  3  to  the  given  Year,  and  the  Sum 
is  1736;  then  I  divide  this  Sum  by  15,  and  the 
Quotient  is  115?  and  Remainder  1 1 .  Confequent- 
ly  there  has  been  1 1 5  compleat  Cycles  of  Indidiion 
from  the  firft  Year  of  that  in  which  the  Chriftian 
Mra  commenced,  and  the  Year  1732,  is  the  nth 
Year  of  Indidiion. 

35.  From  the  Multiplication  of  the  three  Cycles , 
viz.  the  Solar  of  28  liears,  the  Lunar  of  19,  and 
that  of  Indidiion  of  15  ;  arifes  a  Period  of  7980 
Years,  called  the  Great  Julian  Period.  This  is  fup- 
pofed  to  have  begun  764  Years  before  the  Creation 
of  thelVorld ,  and  is  not  yet  compleated  ;  conlequent- 
ly  it  muft  comprehend  all  the  Actions  that  have  hap¬ 
pened  from  the  Beginning  of  the  World  ';  and  fince 
the  Year  before  Chrift  was  the  4713th  Year  of  this 
Period ,  therefore  to  find  what  Year  of  tire  Julian 
Period  any  current  Year  is,  we  muft  to  the  given 
Year  ol  Chrift  add  4713,  and  the  Sum  will  be  the 
required  Year  of  the  Julian  Period. 

Example.  Required  what  Year  of  the  Julian  Pe¬ 
riod  anfwers  to  the  current  Year  of  Chrift ,  1734. 

To  the  given  Year  1734,  I  add  4713,  and  the 
Sum  6447,  fhews  that  the  current  Year  of  Chrift , 
1734,  is  the  6447th  Year  of  the  Julian  Period . 

36.  As  in  the  Heavens,  there  are  certain  Points 
foni  which  Aftronomers  begin  their  Computations; 
H  likewile  there  are  certain  Points  of  Time,  from 
which,  as  Roots,  Chronological  Computations  begin; 

and 
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and  all  memorable  Aftions  are  recorded  by  Hifto- 
rians  according  to  the  Series  of  Years  following 
thefe  Roots,  or  fixed  Points  of  Time,  which  are 
called  Epocbas  or  Mr  as.  The  moll  celebrated  and 
belt  known  to  us,  is  the  Chrifiian  /Era,  which 
commenced  on  the  firft  of  January,  immediately 

following  the  Birth  of  Chrift. 

27  The  moil  ancient  Epocha,  is  that  or  the 

Creation  of  the  World  •,  which  commenced  3950 
Years  before  Chrift.  The  next  to  this  is  that  of 
the  Deluge,  which  began  2956  Years  before  Chrift. 
Then  follows  the  Epocha  of  the  Olympiads,  which 
was  the  moll  ancient  and  famous  Epocba  among 
the  Greeks,  and  other  Eaftern  Nations  ■,  each  Olym¬ 
piad  contained  4  Years,  and  they  had  their  Rife 
from  certain  Games  that  were  celebrated  by  the 
Grecians  every  fourth  Year  •,  in  Honour  of  Jupiter 
Olytnpius,  which  were  called  Olympick  Gaines.  The 
Beginning  of  this  Epocha  is  fuppofed  to  have 
been  in  the  777th  Year  before  Chrift,  and  in  the 
2026th  Year  of  the  Julian  Period.  The  next  E- 
pocha,  is  that  of  the  Building  of  Rome,  which  be- 
gan  abput  the  End  of  the  third  Year  of  the  Sixth 
Olympiad ,  754  Years  before  Chrift,  and  in  the 
oQ-rgth  Year  of  the  Julian  Period.  Then  follows 
the  Mr  a  of  Nabonaffar,  King  of  Babylon,  from  the 
Beo-inning  of  whofe  Reign  it  commenced.  This 
Mra  is  famous  among  Aftronomers,  being  made 
ufe  of  by  Ptolemy,  Albategnus,  £*•■  as  a  proper 
Mra  for  computing  the  Motions  of  the  Celeihal 
Bodies  from.  It  began,  according  to  Ptolemy,  on 
the  fourth  of  the  Kalends  of  March,  747  Years 
before  Chrift,  in  the  3966th  Year  of  the  Julian 
Period,  and  in  the  feventh  Year  after^  the  tSuild- 
ing  of  Rome,  and  in  the  fecond  Year  of  the 
eighth  Olympiad.  The  next  is  the  Epocha  of  A- 
lexander  the  Great,  which  commenced  at  his  Death  •, 
and  this  happened  abput  the  middle  ot  the  spring. 


I 


14°  The  'Elements  of  Chronology . 

5n  the  firft  Year  of  the  1 14th  Olympiad ,  324  Years 
before  Chrift,  in  the  4390th  Year  of  the  Julian 
Period,  and  in  the  424th  Year  of  the  Mr  a  of  Na- 
honaffar .  There  are  feveral  other  Epochas  befides 
thefe  already  mentioned  of  lefs  Note,  which  I  fhall 
pafs  over,  it  not  being  the  Defign  here  to  give  a 
particular  Defcnption  of  all  the  Epochas  and  their 
feveral  Ufes,  but  only  to  give  a  general  Account  of 
the  mod  remarkable  among  them. 

38.  Since  by  the  Rotation  of  the  Earth  about  it’s 
Axis,  the  A/Loon  appears  to  move  quite  round  from 
Eaft  to  JVeft  in  24  Hours ;  therefore  in  that  Time 
fhe  mult  pafs  over  all  the  Points  in  the  Compafs , 
and  fo  mud:  move  from  one  Point  to  the  next 
fucceeding  in  45  Minutes.  Confequently  in  moving 
fiom  the  ’North  Point  to  the  South,  fhe  muff  take 
1 2  Hours,  and  from  the  North  to  the  N  h  E,  or 
from  the  South  to  the  S  b  W,  43  Minutes;  alfo  from 
the  North  to  the  N  N  E,  or  from  the  South  to 

S  S  W,  1  Hour  30  Minutes;  and  fo  on  as  in  the 
following  Table. 


Points. 

h  „  m 

Points. 

N 

12  „  00 

s 

N  b  E 

0  »  45 

S  b  w 

N  N  E 

i  jj  30 

ssw 

NEiN 

2  „  13 

sw^s 

NE 

3  »  00 

s  w 

N  E  £  E 

3  »  45 

S  W  b  w 

E  N  E 

4  ’■>  3° 

w  s  w 

E  £  N 

5  » 

W  b  s 

E 

6  „  00' 

w 

Eb§ 

6  „  45 

W  £  N 

E  S  E 

7  „  30 

WN  W 

S  E  bE 

8  „  15 

N  WMV 

S  E 

9  »  00 

N  W 

S  E  b  S 

9  »  45 

NW^N 

S  S  E 

10  „  30 

N  N  W 

S  b  E 

u  „  1.5 

N  bW 

39.  The 
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39.  The  Flux  and  Reflux,  or  Ebbing  and  Flowing 
of  the  Seas,  do  conftantly  refpecft  the  Motion  of 
the  Moon,  and  in  every  Place  when  the  Moon  is  on 
a  certain  Point  of  the  Compafs ,  or  at  a  certain 
Diftance  from  the  Meridian,  it  is  then  High-W ater 
at  that  Place  •,  and  fince  Hie  is  twice  at  the  fame 
Diftance  from  the  Meridian,  or  in  two  oppofite 
Points  of  the  Compafs ,  in  her  diurnal  Motion  ; 
therefore  in  moft  Places  there  is  a  double  Ebbing 
and  Flowing  in  a  little  more  than  24  Hours.  There 
has  been  found  by  Obfervation,  for  the  moft  re¬ 
markable  Coafts,  the  Points  on  which  the  Moon  is 
when  it  is  High-Water  in  each  of  them  ^  as  in  the 
following  Table. 


A  T able  of  the  moft  remarkable  Sea-Coafts ,  in  an  Al¬ 
phabetical  Order  •,  fhewing  in  each  of  them ,  the 
Points  of  the  Compafs  the  Moon  muft  be  on,  when 
it  is  High-Water. 

A.  |  At  Brejl,  before  the  Bafs, 

AT  Aharwark,  E  N  E  and  the  River  of  Bourdeaux  within 
WSW.  the  Haven,  NET,  and  S  W 


At  Abermerick  and  Antwerp, 

E  and  W. 

At  A  thorough,  SET,  and  ; 
N  W  £  N. 

At  Arnjierdam  and  Armenties, 
N  E  and  S  W. 

At  Army,  N  N  E,  and  S  S  W. 

B. 

At  Be  achy  and  Blacktail,  and 
before  the  Race  of  Blanquet, 
N  and  S. 

At  Blacknefs  in  Bluet ,  at  Belle - 
JJle,  NNE,  andSSW. 

Without  Bluet,  and  at  Ber¬ 
wick,  NET,  and  SWT. 

At  the  River  Bourdeaux,  the 
South  Coaft  of  Britaigne,  the 
Coaft  of  Bifcay,  and  at  Booknefs , 
N  E,  and  S  W. 


b  W. 

In  the  Breefoujtd ,  Bloy,  Bal¬ 
timore,  ENE,  and  W  S  W. 

Before  Bremen,  and  at  Black - 
;  1 iey,  and  in  the  Channel  before 
Bourdeaux,  E  and  W. 

At  Bridgewater,  E  S  E,  and-' 
WNW. 

At  Brijlol-Key,  E  b  S,  and 
I  W  b  N« 

At  Bullen-dcct,  S  S  E,  and 
NNW. 

C. 

Before  thq  Haven  of  Caen,  in 
|  the  Chamber,  between  Cripple - 
5  fund  and  the  Greyl,  and  at  Cut- 
hot,  S  b  E,  and  N  b  W. 

At  Caldy,  and  in  the  Bay  of 
i  Carnarvon,  E  b  N,  and  W  o  S. 

.  ,  *  "  Without 
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Without  Calais- ,  at  Corpus 
Chrijii  Point,  before  and  at  Cam- 
fer ,  N  N  E,  and  S  S  W. 

Between  Calais  and  Dover, 
before  Conquet,  and  at  the 
Cape,  N  E,  and  S  W. 

At  the  Cajkets,  and  at  Cham- 
hernefs ,  S  E  b  S,  and  NW^N. 

Between  Guernfey  and  the 
Cajkets,  before  Cromer ,  before 
the  Cajkets  at  Guernfey,  at  Se¬ 
ven  Clifts,  and  at  Catnefs,  SE, 
and  N  W. 

In  the  Chamber  of  Rye ,  N  b 
E,  and  S  b  W. 

Without  the  Cajkets,  in  the 
Channel,  S  E  b  E,  and  N  W 
b  W. 

At  Concalo,  E  and  W. 

In  Con  dado,  N  and  S. 

At  Cork,  Calais,  Cape  Clear, 
and  in  the  Creek ,  E  N  E,  and 
WS  W. 

At  Cowes,  in  theFofs  of  Caen, 
in  Calais  Road,  and  in  Chamber  - 
nefs  Road,  S  S  E,  and  N  N  W. 

D. 

At  Dartmouth,  E  and  W. 

At  Diep,  Dover ,  and  in  the 
"Downs,  S  S  E,  and  N  N  W. 

At  Dover  Pier ,  and  before 
Dunkirk,  N  and  S. 

At  Denbeigh  and  Downs,  in 
the  Road,  NE^N,  and  S  W 
*S. 
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Before  the  Eafern  and  We  fern 
Ernes,  and  Engemonts ,  S  E,  and 
NW. 

F. 

In  the  Fair  Ife  Roads,  and  at 
the  North  Foreland,  S  b  E,  and 
N  bW. 

At  the  Frith,  and  at  the  S. 
Foreland,  S  S  E,  and  N  N  W. 

Before  the  Fen,  in  the  Chan¬ 
nel,  N  N  E,  and  S  S  W. 

At  Flamborough  and  B radii ng- 
ton,  N  E,  and  S  W. 

On  the  Coaft  of  Flanders,  N 
and  S. 

Without  the  Banks  of  Flan - 
ders,  N  E,  and  S  W. 

At  Flujhing,  N  h  E,  and  S 
b  W. 

Without  Fountney,  N  E  b  N, 
and  S  W  b  S. 

At  the  Forn,  in  Fowey,  at  Fal¬ 
mouth,  E  b  N,  and  W  b  S. 

Without  the  Fly,  S  E  b  E, 
and  N  W  b  W. 

Before  the  Coaft  of  Frize - 
land,  and  the  Fly,  E  S  E,  and 
WN  W. 

Between  Fowey  and  Falmouth , 
in  the  Channel,  and  at  Foulnefs, 
E  £  S,  W  £  N. 

At  Frize,  and  the  Fair  Ife, 
N  W,  and  S  E. 

G. 


At  Dublin ,  S  E  b  E,  and 
tiWbW, 

At  Dunbar,  S  E,  and  N  W. 
At  Dungenefs  and  Dunnoife , 
SEbS,  and  N  W  £  N. 

At  Dungerfan ,  ENE,  and 
WSW. 

E. 


In  the  Road  of  Gibraltar ,  at 
Graveling,  and  before  Cher - 
burgh,  N  and  S. 

Before  Goree ,  at  Guernfey, 
and  at  Gravefend,  N  N  E,  and 
S  S  W. 

At  Groin,  at  Gaf coign,  and 
the  Coaft  of  Galicia,  N  E,  and 


At  Edam ,  N  N  E,  and  S  S  W. 
At  Emdem,  before  the  Elve, 
before  the  Eyder,  and  before 
Enchufen,  N  and  S. 


S  W. 

Thwart  of  Guernfey,  in  the 
Channel,  S  E  b  S,  and  N  W 
b  N. 


Before 


:* 


.1 
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H. 

Before  Hamburgh ,  at  Hull ', 
at  the  Holms,  and  before  Hum¬ 
ber's  Mouth ,  E  and  W. 

At  Hampton  Key ,  before  the 
Hever,  before  Horn ,  N  and  S. 

At  Harlem,  Havre  de  Grace , 
and  Home  head,  S  E,  and  N  W. 

Before  Hartlepool,  N  E,  and 
S  W. 

At  St  Helens,  at  Harwich, 
and  without  the  Banks  of  Har 
with,  SSE,  and  N  N  W. 

At  Humber ,  E  b  N,  and 
V/b  S. 

Under  Holy  IJland,  and  at 
Horn,  NNE,  and  S  S  W. 

At  Hunt  cliff  Foot,  NE^t 
and  S  W  b  S. 


In  all  the  Havens  on  the  S. 
Coafts  of  Ireland,  E  b  N,  and 
W  b  S. 

On  the  Weft  Coaft  of  Ire¬ 
land,  N  E,  and  S  W. 

At  "Jutland  IJlands,  N  and  S. 

K. 

At  Kelliers,  NE,  and  S  W. 

At  Kentijh  Knock ,  N  and  S. 

At  Kilduyn,  E  S  E,  and 
WN  W. 

At  Kildrive ,  S  E,  and  N  W. 

At  Kingfale,  E  N  E,  and 
W  S  W. 

L. 

At  Iamb  ay,  S  E  b  E,  and 
N  W  b  W. 

At  Leith ,  N  and  S. 

At  Ly  nn ,  E  b  S,  and  W  b  N. 

At  Lifbon ,  N  E  b  N,  and 
SVIbS. 

At  the  Lizard,  by  the  Land, 
E  S  E,  and  W  N  W. 

At  Leoftoff,  and  thwart  of 
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it  without  the  Banks,  $  E  b  S, 
and  N  W  £  N. 

In  Leo ji off  Road,  and  Long- 
f and  Head,  SSE,  and  N  N  W. 
At  London ,  N  E,  and  S  W. 
At  Londey,  E  and  W. 

Thwart  of  Londey,  and  before 
Lynn,  E  b  N,  and  W  b  S. 

M. 

Within  the  Maes,  at  Malden, 
N  b  E,  and  S  b  W. 

Before  the  Maes,  and  before 
St  Matthews  Point,  N  E  b  E, 
and  S  W  b  W. 

In  St  Magnes  Sound,  and  at 
the  Magnes  Cajlle,  S  E  b  E, 
and  N  W  b  W. 

At  the  IJle  of  Man,  S  E,  and 
N  W. 

Before  Margate,  S  b  E,  and 
N  b  W. 

In  Milford ,  at  Moonlefs ,  at 
St  Makes,  E  b  N,  and  W  b  S. 

Between  Moufehole  and  Fal¬ 
mouth,  and  in  Milford  Haven, 
E  S  E,  and  W  N  W. 

In  Moufehole ,  at  St  Mat¬ 
thew's,  and  within  Mounts  Bay, 
E  N  E,  and  W  S  W. 

N. 

Betw’een  the  Naze,  and  W sir- 
head  of  Lower,  S  b  E,  and 
N  b  W. 

Before  the  River  of  Hants, 
N  E,  and  S  W. 

At  the  Needles,  at  the  Ife  of 
Wight,  SEbE,  and  NWiW. 

At  Newcafle,  E  b  N,  and 
W  bS. 

At  Newport,  half  Tide,  N 
and  S. 

At  the  Weft  End  of  the 
Nore,  N  b  E,  and  S  b  W. 

Before  St  Nicholas,  E  b  S, 
and  W  b  N, 


All 


■■■■  I 
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All  the  Coaft  of  Normandy , 
and  Picardy ,  S  S  E,  and  N  N  W. 

O. 

At  Orfordnefs ,  S  E  b  S,  and 
N  N. 

At  Orfordnefs,  without  the 
Banks,  and  between  Orford  and 
Orwell -Waves,  S  S  E,  and  N 

N  W. 

At  Orfordnefs ,  within  the 
Sands,  S  b  E,  and  N  b  W. 

At  Orknefs,  N  E,  and  S  W. 

At  Orkney ,  S  E,  and  N  W. 

P. 

At  St  Paul's  in  the  Haven, 
E  and  W. 

At  the  Pens ,  Porthus ,  and 
Poiflu,  N  E,  and  S  W. 

In  Plyjnouthy  and  before  St 
Paul's  E  b  N,  and  W  b  S. 

Thwart  of  Ply??iouth,  E  S  E, 
and  W  N  W. 

Before  Podejfemeck,  E  b  S,  and 
W£  N. 

.  •/  • 

At  the  Race  of  Portland, 

S  E,  and  N  W. 

At  Portfmouth ,  half  Tide, 
N  and  S. 

Q. 

At  Oueenhorough,  N  and  S. 

S, 

In  the  Sieve,  between  TJfloant 
and  Scilly,  at  the  Shooe,  at  the 
Spitt,  at  Southampton y  and  all 
along  the  Svoin,  N  and  S. 

Upon  the  Coaft  of  Spain, 
and  in  Shetland,  N  E,  and  S  W. 

At  Scilly,  in  the  Sound,  Scar - 
burgh,  and  at  Staples,  NEiE, 
and  SWbW. 

At  Seven  Ifes,  without  the 
Haven,  in  the  Broad  Sound, 
ENE,  and  WS  W. 

At  the  Mouth  of  Severn,  be¬ 
tween  Scilly  and  the  Lizard, 
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at  the  Spurn  and  Stockton ,  E 
b  N,  and  W  b  S. 

Without  Scilly,  in  the  Chan¬ 
nel,  and  Salccmb,  E  and  W. 

At  Sedmouth,  and  at  the  Start , 
E  bS,  and  W  £  N. 

Off  the  Start  in  the  Channel, 
E  S  E,  and  W  N  W. 

Within  the  Seyn,  and  before 
Shelbergh,  and  at  Seven  Clifts, 
S  E,  and  N  W. 

At  Shcreham ,  S  E  b  S,  and 
N  W£N. 

At  Seyn  Head,  S  S  E,  and 
N  N  W. 

T, 

Within  Pervert,  N  b  E,  and 
S  bW, 

Before  Pervere,  before  the 
River  of  Phames,  and  at  Pin- 
mouth,  N  N  E,  and  S  S  W. 

Before  the  Pres,  and  Pin- 
mouth,  before  the  Bay  of  Ply¬ 
mouth,  N  E,  and  S  W. 

At  the  Clifts  of  the  Pexel,- 
ENE,  and  W  S  W. 

In  Porbay,  and  before  the 
Pexel,  E  and  W. 

In  the  Road  of  the  Pexel,- 
ESE,  WN  W. 

At  Por'gon,  S  E  b  S,  and  N 
W  b  N, 

U. 

Before  Urek,  N  and  S. 

At  Ufe,  N  E,  and  S  W. 

Between  Ufbant,  and  the' 
Main,  N  E  b  E,  and  S  W  b  W. 

St  Nailery,  S  S  E,  and  N 
N  W. 

W. 

At  Winch  elf ea ,  N  b  E,  and 
S  b  W. 

At  the  Wei  lings,  and  from 
the  Weft  End  of  the  Wight, 
N  N  E,  and  S  S  W. 

Before 
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Before  the  Wei  lings ,  N  E  b  N, 
and  SW£S. 

At  Whitby,  NE,  and  SW. 

In  the  Sea  of  W ales ,  and  Se¬ 
vern,  E  N  E,  and  W  S  W. 

In  Wales ,  E  b  N,  and  W£  S. 

At  Wells,  at  Weymouth,  and 
at  Waterford,  E  and  W . 

At  Weymouth  Key,  E  b  S,  and 
W  £  N. 

At  the  Kefs,  by  Wieringhen, 
at  Winterton,  E  S  E,  and  W 
N  W. 

Thwart  the  JJle  of  Wight, 
in  the  Channel,  all  within 
the  Ife  of  Wight ,  between  the 
IJle  of  Wight,  and  Beachy, 
by  the  Shore,  S  E  b  E,  and 
N  W  £  W. 


At  the  Eaft  End  of  Wight, 
and  on  Wierington  Flats ,  S  E, 
and  N  W. 

Y. 

Before  Yarmouth,  NNE,  and 
S  S  W. 

At  Youghall,  E  N  E,  and 
W  S  W. 

At  Yarmouth,  S  E  b  E,  and 
N  W  £  W. 

In  Yarmouth  Road,  in  Yar¬ 
mouth  Haven,  SSE,  and  NNW. 

Z. 

On  the  Coaft  of  Zealand, 
NNE,  and  S  S  W. 

In  the  Zierek  Sea,  N  E,  and 
S  W. 


40.  By  knowing  the  Point  of  the  Compafs y  the 
Moon  is  on  when  it  is  high  Water  at  any  Place,  we 
know  by  Art.  38.  the  Time  fhe  takes  to  move  from 
the  Meridian  to  that  Point  •,  and  fince  we  can  find 
by  Art.  29.  the  Time  of  the  Moon's  coming  on  the 
Meridian  any  Day  *,  therefore  to  find  the  Time  of 
high  Water  at  any  Place,  and  on  any  Day,  we 
have  this  Rule,  viz.  To  the  Hours  and  Minutes 
of  the  Moon's  Southing  (found  by  Art.  29.)  add  the 
Hours  and  Minutes  anfwering  to  the  Point  of  Flow¬ 
ing  (found  from  the  Table  of  Art.  38.)  the  Sum 
is  the  Time  of  full  Sea  required  •,  counting  from 
Noon  or.  Midnight. 

Example.  Required  the  Time  of  high  Water  at 

Briftol  Key ,  on  the  tenth  of  May  1731. 

Firft ,  By  Art.  29.  I  find  the  Moon  comes  on  the 
Meridian  that  Day,  48  Minutes  pad;  12  at  Night, 
then  becaufe  by  the  Table  in  the  lafl  Article ,  the 
Moon  muft  be  on  the  E  b  S,  or  W  b  N  P oint  of 
the  Compafs  before  it  be  high  Whter  at  BriJloE,  and 
fince  by  the  Table  at  Art.  38.  jhe  takes  6  Hours, 

L  45  Minutes? 


146  Of  the  Log- Line  and  Compafs. 

45  Minutes  in  moving  from  the  Meridian  to  either 
of  thefe  Points ;  therefore  to  the  48  Minutes  be¬ 
fore  found,  I  add  6  Hours,  45  Minutes,  and  the 
Sum  is  7  Hours,  33  Minutes  in  the  Morning,  the 
Time  of  full  Sea  at  Briftol ,  for  the  Day  propofed, 
which  is  alfo  the  .Time  at  Night,  when  it  is  full 
Sea  again,  that  Day. 


SECT.  VI. 

Concerning  the  Log-Line,  and  Compafs-. 

1 .  F~jT^  H  E  Method  commonly  made  ufe  of  for 
JL  meafuring  the  Ship’s  Way  at  Sea,  or  how 
far  fhe  runs  in  a  given  Space  of  Time,  is  by  the 
Log-Line ,  and  Half-Minute  Glafs. 

2.  The  Log  is  a  flat  Piece  of  Wood,  in  Shape 
like  a  Flounder ,  having  a  Piece  of  Lead  faftened  . 
to  it’s  Bottom,  which  makes  it  {land  or  fwim  up¬ 
right  in  the  Water;  to  this  Log  is  tied  or  faftened  a 
long  Line,  which  is  called  the  Log-Line ;  and  this 
is  commonly  divided  into  certain  Spaces,  each  of 
which  is,  or  ought  to  be,  fuch  a  proportional  Part 
of  a  nautical  Mile  (60  of  which  make  a  Degree  of  a 
great  Circle  on  the  Earth)  as  half  a  Minute  (the  Time 
allowed  for  the  Experiment)  is  of  an  Hour. 

3.  Thefe  Spaces  are  called  Knots ,  becaufe  at  the 
End  of  each  of  them,  there  is  a  Piece  of  Twine  with 
Knots  in  it,  inreeved  between  the  Strands  of  the 
Line,  which  fliews  how  many  of  thefe  Spaces  or 
Knots ,  are  run  out  during  the  half  Minute.  They 
commonly  commence  or  begin  to  be  counted,  at  the 
Diftance  of  about  10  Fathom,  or  60  Feet  from  the 
Log ;  that  fo  the  Log,  when  it  is  hove  over  Board, 
may  be  out  of  the  Eddy  of  the  Ship’s  Wake  before 

they 


Of  the  Log-Line  and  Compafs.  147 

they  begin  to  count,  and  for  the  more  ready  Difco- 
very  of  this  Point  of  Commencement,  there  is  com¬ 
monly  fattened  at  it  a  Piece  of  red  Rag. 

4.  The  Log  being  thus  prepared,  and  hove  over 
Board  from  the  Poop ,  and  the  Line  veered  out  (by 
the  Help  of  a  Reel,  that  turns  eafily,  and  about  which 
it  is  wound)  as  faft  as  the  Log  will  carry  it  away,  or 
rather  as  the  Ship  fails  from  it,  will  iliew  according 
to  the  Time  of  veering,  how  far  the  Ship  has  run 
in  a  given  Time ;  and  consequently  her  Rate  of 

failing.  .  >  ' 

5.  A  Degree  of  a  Meridian ,  which  is  a  great 

Circle  on  the  Earth,  according  to  the  exa&eft 
Meafures,  contains  about  69.545  Englijh  Miles; 
and  each  Mile,  by  the  Statute  being  5280  Feet, 
therefore  a  Degree  of  a  Meridian  will  be  about 
367200  Feet;  whence  the  ^  of  that,  viz.  a  Mi¬ 
nute,  or  Nautical  Mile,  muff  contain  6120  ftandard 
Feet ;  confequently  fince  4  Minute  is  the  -rFo  Eart 
of  an  Hour,  and  each  Knot  being  the  fame  Part 
of  a  Nautical  Mile  (by  Art.  2.)  it  follows,  that 
each  Knot  will  contain  the  Part  of  6120  Feet, 

viz.  5 1  Feet.  r 

6.  Hence  it  is  evident,  that  whatever  Number  of 

Knots  the  Ship  runs  in  half  a  Minute,  the  fame  Num¬ 
ber  of  Miles  fhe  will  run  in  one  Hour ;  fuppofing 
her  to  run  with  the  fame  Degree  of  Velocity  during 
that  Time  ;  and  therefore  it  is  the  general  Way  to 
heave  the  Log  every  Flour,  to  know  hei  Ra*.^  of 
Sailing ;  but  if  the  Force  or  Dire&ion  of  the  Wind 
vary,  and  not  continue  the  fame  during  tne  whole 
Hour,  or  if  there  has  been  more  Sail  fet,  oi  any  Sail 
handed,  that  fo  the  Ship  has  run  fwifter  01  flower  in 
any  Part  of  the  Hour,  than  fhe  did  at  the  Time  of 
heaving  the  Log ;  then  there  muff  be  an  Allowance 
made  accordingly  for  it,  and  this  mull  be  according 
to  the  Difcretion  of  the  Artift. 

L  2 


7.  Some- 
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7.  Sometimes  when  the  Ship  is  before  the  Wind, 
and  there  is  a  great  Sea  fetting  after  her,  it  will 
bring  home  the  Log ,  and  confequently  the  Ship 
will  fail  fafter  than  is  given  by  the  Log.  In  this 
Cafe  it  is  ufual,  if  there  be  a  very  great  Sea,  to 
allow  one  Mile  in  ten,  and  lefs  in  Proportion,  if 
the  Sea  be  not  fo  great.  But  for  the  generality, 
the  Ship’s  Way  is  really  greater  than  that  given 
by  the  Log ;  and  therefore  in  order  to  have  the 
Reckoning  rather  before  than  behind  the  Ship, 
(which  is  the  fafeft  Way)  it  will  be  proper  to  make 
the  Space  on  the  Log-Line  between  Knot  and  Knot , 
to  confift  of  50  Feet  inftead  of  51.  Some,  upon 
the  Suppofition  that  60  Miles  make  a  Degree  on 
the  Meridian,  make  the  Diftance  between  Knot- 
arid  Knot  42  Feet ;  when  at  the  fame  time,  by 
common  Experience  they  are  obliged  to  leflfen  the 
Half-Minute-Glafs  by  near  6  Seconds,  making  it  to 
run  only  24  Seconds  nearly;  which  plainly  is  cor¬ 
recting  one  Miftake  by  another. 

8.  If  the  Space  between  Knot  and  Knot  on  the 
.  Log-Line  lhould  happen  to  be  too  great  in  Pro¬ 
portion  to  the  Half-Minute-Glafs ,  viz .  greater  than 
50  Feet  •,  then  the  Diftance  given  by  the  Log^  will 
be  too  fhort,  and  if  that  Space  be  too  fmall,  then 
the  Diftance  run  (given  by  the  Log)  will  be  too 
great ;  therefore  to  find  the  true  Diftance  run  in 
either  Cafe,  having  meafured  the  Diftance  between 
Knot  and  Knot ,  we  have  the  following  Proportion, 
viz. 

As  the  true  Diftance  50  Feet,  is  to  the  meafured 
Diftance,  fo  are  the  Miles  of  Diftance  given  by  the 
Logi  to  the  true  Diftance  in  Miles  that  the  Ship  has 
run. 

Example  1.  Suppofe  a  Ship  runs  at  the  Rate  of  6  ~ 
Knots  in  half  a  Minute,  but  meafuring  the  Space  be¬ 
tween  Knot  and  Knot ,  I  find  it  to  be  56  Feet ;  Re¬ 
quired  the  true  Diftance  in  Miles. 


Making 
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Making  it  as  50  Feet ,  is  to  56  Feet ,  fo  is  6.25 
JGm/j  to  7  Xiw/J,  I  find  that  the  true  Rate  of  fail¬ 
ing  is  7  Miles  in  the  Hour. 

Example  2.  Suppofe  a  Ship  runs  at  the  Rate  of  6  4 
Knots  in  half  a  Minute,  but  meafuring  the  Space 
between  Knot  and  Knot ,  I  find  it  to  be  only  44  beet: 

;  Required  the  true  Rate  of  failing. 

Making  it  as  50  Feet ,  is  to  44  Feet ,  fo  is  6.5 
Xwtt,  to  5.72  Knots  •,  I  find  that  the  true  Rate  of 
failing  is  5*72  Miles  in  the  Hour. 

9.  Again,  fuppofing  the  Diftance  between  Knot 
and  Knot  on  the  Log-Line  to  be  exa&ly  50  Feet, 
but  that  the  Glafs  is  not  30  Seconds ;  then  if  the 
Glafs  require  longer  Time  to  run  than  30  Seconds, 
the  Diftance  given  will  be  too  great,  if  eftimated 
by  allowing  1  Mile  for  every  Knot  run,  in  the  Time 
the  Glafs  runs ;  and,  on  the  contrary,  if  the  Glafs 
requires  lefs  Time  to  run  than  30  Seconds,  it  will 
give  the  Diftance  failed  too  fmall.  Confequently 
to  find  the  true  Diftance  in  either  Cafe,  we  muft 
meafure  the  Time  the  Glafs  requires  to  run  out  (by 
the  Method  in  the  following  Article)  then  we  have 

the  following  Proportion,  viz.  f 

As  the  Number  of  Seconds  the  Glafs  runs,  is  to 
half  a  Minute,  or  30  Seconds,  fo  is  the  Diftance 
given  by  the  Log ,  to  the  true  Diftance. 

Example  1.  Suppofe  a  Ship  runs  at  the  Rate  of  7 
Knots  in  the  Time  the  Glafs  runs,  but  meafuring  the 
Glafs ,  I  find  it  runs  34  Seconds :  Required  the  true 

Diftance  failed.  #  . 

Making  it  as  34  Seconds,  is  to  3°  Seconds,  lo  is 

7.5,  to  6.6 ;  I  find  that  the  Ship  fails  at  the  Rate  of 
6.6  Miles  an  Hour. 

Example  2.  Suppofe  a  Ship  runs  at  the  Rate  of 
6  4  Knots ,  but  meafuring  the  Glafs ^  I  find  it  runs 
only  25  Seconds:  Required  the  true  Rate  of  fail¬ 
ing. 

L  3  '  Making 
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Making  it  as  25  Seconds ,  is  to  30  Seconds,  fo  is 
6.5  Knots,  to  7.8  Knots ;  I  find  that  the  true  Rate 
of  failing  is  7.8  Miles  an  Hour. 

10.  In  order  to  know  how  many  Seconds  the 
Glafs  runs,  you  may  try  it  by  a  Watch  or  Clock, 
that  vibrates  Seconds ;  but  if  neither  of  thefe  be 
at  Hand,  then  take  a  Line,  and  to  the  one  End 
fattening  a  Plummet ,  hang  the  other  upon  a  Nail 
or  Peg}  fo  as  the  Diftance  from  the  Peg  to  the 
Center  of  the  Plummet  be  39  4  Inches  :  Then  this 
put  into  Motion  will  vibrate  Seconds,  i.  e.  every 
Time  it  pafies  the  Perpendicular  you  are  to  count 
one  Second  ;  confequently  by  obferving  the  Num¬ 
ber  of  Vibrations  that  it  makes  during  the  Time  the 

Glafs  is  running,  we  know  how  many  Seconds  the 
Glafs  runs. 

1 1 .  If  there  be  an  Error  both  in  the  Log-Line  and 
Haf-Minut e-Glafs ,  viz.  if  the  Diftance  between  Knot 
and  Knot  on  the  Log-Line ,  be  either  greater  or  lefs 
than  50  Feet,  and  the  Glafs  runs  either  more  or  lels 
than  30  Seconds,  then  the  finding  of  the  Ship?s  true 
Diftance  v/ill  be  fomewhat  more  complicate,  and 
admit  of  three  Cafes,  viz. 

Cafe  1.  If  the  Glafs  runs  more  than  30  Seconds, 
and  the  Diftance  between  Knot  and  Knot  be  lefs 
than  50  Feet,  tnen  the  Diftance  given  by  the  Log- 
Line,  viz.  by  allowing  1  Mile  for  each  Knot  the 
Ship  fails  while  the  Glafs  is  running,  will  always  be 
greater  than  the  true  Diftance  *  fince  either  of 
thefe  Errors  give  the  Diftance  too  great.  Confe¬ 
quently  to  find  the  true  rate  of  failing,  in  this  Cafe, 
we  mutt  firft  find  (by  Art.  8.)  the  Diftance,  on  the 
Suppofition  that  the  Log-Line  is  only  wrong,  and 

then  with  this  (by  Art.  9.)  we  fhall  find  the  true 
Diftance. 

Example,  Suppose  a  Ship  is  found  to  run  at  the 
•f  ate  of  6  Knots ;  but  examining  the  Glafs,  I  find 
it  runs  35  Seconds,  and  meafuring  the  Log-line,  1 

find 
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find  the  Diftance  between  Knot  and  Knot  to  be  but 
46  Feet :  Required  the  true  Diftance  run. 

Firft,  By  Art.  8.  we  have  the  following  Propor¬ 
tion,  viz.  As  50  Feet  :  46  Feet  :  :  6  Knots  :  5.52 
Knots.  Then  by  Art.  9.  As  35  Seconds  :  30  Se- 
conds  :  :  5.52  Knots  :  4-73  Knots.  Confequently 
the  true  rate  of  failing  is  4.73  Miles  an  Hour. 

Cafe  2.  If  the  Glafs  be  lefs  than  30  Seconds,  and 
the  Space  between  Knot  and  Knot  be  more  than  50 
Feet  5  then  the  Diftance  given  by  the  Log,  will  al¬ 
ways  be  lefs  than  the  true  Diftance,  fince  either  of 

thefe  Errors  leflen  the  true  Diftance. 

Example.  Suppofe  a  Ship  is  found  to  11m  at  the 
Rate  of  7  Knots,  but  examining  the  Glafs,  I  find  it 
runs  only  25  Seconds,  and  mcafuring  the  Space 
between  Knot  and  Knot  on  the  Log- Line ,  I  find  it 
13  54  Feet :  Required  the  true  rate  of  failing. 

Firft ,  By  Art.  9.  As  25  Seconds  :  30  Seconds  :  : 

7  Knots  :  8.4  Knots.  Then  by  Art.  8.  As  50  Feet  : 
54  Feet  :  :  8.4  Knots  :  9.072  Knots.  Confequently 
the  true  rate  oi  failing  is  9*07 2  Miles  an  Hour. 

Cafe  3.  If  the  Glafs  runs  more  than  30  Seconds, 
and  the  Space  between  Knot  and  Knot  be  greater 
than  50  Feet,  or  if  the  Glafs  runs  lefs  than  30  Se¬ 
conds,  and  the  Space  bet  ween  Knot  and  Knot  be 
lefs  than  50  Feet  •,  then  fince  in  either  oi  thefe  two 
Cafes  the  Effects  of  the  Errors  are  contrary,  5tis 
plain  the  Diftance  will  fometimes  be  too  great,  and 
fometimes  too  little,  according  as  the  greater  Quan¬ 
tity  of  the  Error  lies  •,  as  will  be  evident  from  the 
following  Examples. 

Example  1.  Suppofe  a  Ship  is  found  to  run  at 
the  Rate  of  9  4-  Knots  per  Glafs,  but  examining  the 
I  Glafs,  it  is  found  to  run  36  Seconds,  and  by  mea- 
iurin°r  the  Space  between  Knot  and  Knot,  it  is 
found  to  be  58  Feet:  Required  the  true  rate  of 
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Firft ,  By  Art.  8.  As  50  :  58  Feet : :  9.5 

:  11.02  Knots.  Then  by  Art .  9.  As  38  &- 
***&& :  30  Seconds  :  :  11.02  Knots  :  8.7  Knots.  Con- 
fequently  the  Ship’s  true  rate  of  failing  is  8.7  Miles 
an  Hour. 

Example  2.  Suppofe  a  Ship  runs  at  the  Rate  of 
6  Knots  per  Glafs ;  but  examining  the  Glafs ,  it  is 
found  to  run  only  20  Seconds,  and  by  meafuring  the 
Log-Line ,  the  Diftance  between  Knot  and  Knot  is 
found  to  be  but  38  Feet :  Required  the  true  Rate  of 
failing. 

Firfi ,  By  Art.  8.  As  50  F?*/  :  38  Feet  :  :  6 
Knots  :  4.56  Knots.  Then  by  Art.  9.  <io  Se¬ 
conds  :  30  Seconds  :  :  4.56  X/w/j  :  6.84  Knots.  Con- 
fequently  the  true  rate  of  failing  is  6.84  Miles  an 
Hour. 

But  if  in  this  Cafe  it  happen,  that  the  Time  the 
Glafs  takes  to  run,  be  to  the  Diftance  between  Knot 
and  Knot ,  as  30,  the  Seconds  in  half  a  Minute,  is 
to  50,  the  true  Diftance  between  Knot  and  Knot ; 
then  ’tis  plain,  that  whatever  Number  of  Seconds 
the  G/q/}  conftfts  of,  and  whatever  Number  of  Feet 
is  contained  between  Knot  and  Knot  •,  yet  the  Di- 
itance  given  by  the  Log-Line ,  will  be  the  true  Di¬ 
ftance  in  Miles. 

12.  I  hough  the  Method  of  meafuring  the  Ship’s 
Way  by  the  Log-Line ,  defcribed  in  the  foregoing 
Articles,  be  that  which  is  now  commonly  made 
life  of  yet  it  is  fubjedt  to  feveral  Errors,  and 
thefe  pretty  confiderable.  For  firft,  the  Half-Minute 
or  Quart er-Minute-Glajfes  (by  which,  and  the  Logy 
the  Ship’s  Way  is  determined)  are  feldom  or  never 
true,  becaufe  dry  and  wet  Weather  have  a  great 
Influence  on  them ;  fo  that  at  one  Time  they  may 
run  more,  and  at  another  Time  fewer  than  30 
Seconds,  and  ’tis  evident  that  a  fmall  Error  in  the 
Glafs ^  will  caufe  a  fenflble  one  in  the  Ship’s  Way. 
Again,  the  chief  Property  of  the  Log  is  to  have 

it 
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it  fwim  upright,  or  perpendicular  to  the  Horizon  \ 
but  this  is  too  often  wanting  in  Logs,  becaufe  few 
Seamen  examine  whether  it  is  fo  or  not,  and  general¬ 
ly  take  it  upon  Truft,  being  fatisfied,  if  it  weigh  a 
little  more  at  the  Stern  than  the  Head  ;  and  from 
this  there  flows  an  Error  in  the  Reckoning,  for  if 
the  Log  does  not  fwim  upright,  it  will  not  hold 
Water,  nor  remain  fteady  in  the  Place  where  it 
is  heaved,  fince  the  lcaft  Check  of  the  Hand,  in 
veering  the  Line  will  make  it  come  up  feveral 
Feet ;  this  repeated  will  make  the  Errors  become 
Fathoms ,  and  perhaps  Knots ,  which  how  infi^nincant 
foever  they  appear,  are  Miles  and  Parts  of  Miles, 
and  amount  to  a  good  Deal  in  a  long  Voyage* 
Another  Inconvenience  attending  the  Log-Line  is 
it’s  ftretching  and  fhrinking  •,  lor  when  a  new  Line 
is  firfl  ufed,  let  it  be  ever  fo  well  ftretched  upon 
the  Deck,  and  meafured  as  true  as  poflible,  yet 
after  wetting  it  fhrinks  confiderably ;  and  conle- 
quently  to  be  the  better  allured  of  the  Ship  s  Way 
by  the  Log-Line ,  we  ought  to  meafure  and  altet 
the  Knots  on  it  every  Time  before  we  ufeit;  but 
this  is  feldom  done  ofter  than  once  a  Week,  and 
fometimes  not  above  once  or  .  twice  in  a  whole 
Voyage;  alfo  when  the  Line  is  meafured  to  its 
greateft  Degree  of  fhrinking,  it  is  generally  lelt 
there  ;  and  when  by  much  Ufe,  it  comes  to  ftretc 
again  it  is  feldom  or  never  mended,  tho  it  will 
ftretch  beyond  what  it  firfl  fhrunk.  Thefe  and 
many  other  Errors,  too  well  known,  attending 
that  Method  of  meafuring  the  Ship’s  Way  by  the 
Log-Line ,  plainly  anfwers  for  a  great  many  Errors 
committed  in  Reckonings.  So  ’us  to  be  wiflied  that 
either  this  Method  were  improved  or  amended,  or 
/  that  fome  other  Method,  lefs  fubjedt  to  Error,  were 
found  out.  There  was  a  Machine  fometime  ago 
invented  by  Mr  Henry  de  Saumarez ,  of  the  Hand  of 
\  Guernfey ,  for  meafuring  the  Ship’s  Way,  called  the 
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Marine  Surveyor  s  which  is  indeed  lefs  fubied  to 
Error  than  the  Log-Cine,  and  was  found  by  feveral 
Experiments  to  anfwer  the  End  much  more  exactly 
than  the  Log-Line ;  a  Defcription  of  which  may  be 
feen  in  the  Philofcphical  Lranf actions  of  the  Royal 
Society,  Vol.  xxxiii.  for  the  Months  of  November 
and  December  1725;  and  alfo  in  thofe  for  the 

Months  of  March  and  April  17 26;  and  for  March 
and  April  1729. 

13.  It  was  faid  at  Art.  21.  Sett,  III.  that  the  Me¬ 
ridian  and  Prime  Vertical  of  any  Place  cuts  the  Ho¬ 
rizon  in  4  Points,  at  90  Degrees  Diftance  from 
one  another,  viz.  the  North,  South,  Eafi ,  and  Weft ; 
that  Part  of  the  Meridian  which  extends  itfelf  from 
the  Place  to  the  North  Point  of  the  Horizon,  is  called 
the  North  Line ;  that  which  tends  to  the  South  Point 
of  the  Horizon,  is  called  the  South  Line ;  and  that 
I  art  of  the  Prime  V ertical  which  extends  towards 
the  right  Hand  of  the  Obferver,  when  his  Face  is 
turned  to  the  North,  is  called  the  Eaft  Line  ;  and 
iaidy,  that  Part  of  the  Prime  Vertical  which  tends 
towards  the  left  Hand,  is  called  the  Weft  Line ;  the 
four  Points  in  which  thefe  Lines  meet  the  Horizon, 
are  called  the  Cardinal  Points. 

14.  In  order  to  determine  the  Courfe  of  the  Winds, 
and  to  difcover  their  various  Alterations  or  Shift- 
Jngs ;  each  Quadrant  of  the  Horizon  intercepted  be¬ 
tween  the  Meridian  and  Prime  Vertical ,  is  ufually 
divided  into  eight  equal  Parts,  and  confequently  the 
whole  Horizon  into  thirty-two ;  and  the  Lines  drawn 
horn  the  Place  on  which  the.  Obferver  ftandeth  to 
the  Points  of  Divifion  in  his  Horizon,  are  called 
Rumb  Lutes,  the  tour  principal  of  which  ,  are  thofe 
,  cribed  In  the  preceding  Article,  each  of  them 
having  it's  Name  from  the  Cardinal  Point  in  the  Ho¬ 
rizon  towards  which  it  tends ;  the  reft  of  the  Rmnb 
Lines  have  their  Names  compounded  of  the  principal 

Lines 
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Lines  on  each  Side  of  them,  as  in  the  following  Fi¬ 
gure  •  and  over  whichsoever  of  thefe  Lines  tha 
Courfe  of  the  Wind  is  directed,  that  Wind  takes 
it’s  Name  accordingly. 

jr.  The  Inftrument  commonly  ufed  at  oca  tor 
directing  the  Ship’s  Way,  is  called  the  Manner's. 
Compafs-,  which  confifts  of  a  Card  and  two  Boxes. 
The  Card  is  a  Circle  made  to  reprefent  the  Horizon, 
whofe  Circumference  is  quartered  and  divided  in¬ 
to  Degrees,  and  alfo  into  thirty-two  equal  Parts, 
by  Lines  drawn  from  the  Centre  to  the  feveral 
Points  of  Divifion,  called  Points  of  the  Compafs.  On, 
the  back  Side  of  the  Card,  and  juft  below  the  South 
and  North  Line ,  is  fixed  a  Steel  Needle ,  with  a  Brafi 
Cupola ,  or  hollow  Center  in  the  middle,  which  is 
placed  upon  the  End  of  a  fine  Pin,  upon  which  the 
Card  may  eafily  turn  about  •,  the  Needle  is  touched 
with  a  Load-Stone,  by  which  a  certain  V  irtue  is  intuled 
into  it,  that  makes  it  (and  conlequently  the  South 
and  North  Line  on  the  Card,  above  it)  hang  nearly 
in  the  Plain  of  the  Meridian ,  by  which  means  the 
South  and  North  Lines  on  the  Card  produced,  would 
meet  the  Horizon  in  the  South  and  North  Points  ; 
and  confequently  all  the  other  Lines  on  the  Card 
produced  would  meet  the  Horizon  in  the  respective 

Points.  ,  .  .  , 

1 6.  The  Card  is  reprefented  m  the  annexed. 

Scheme,  in  which  you  may  obferve,  that  the  ca¬ 
pital  Letters  N,  S,  E,  W,  denote  the  lour  Cardinal 
Points,  viz.  N  the  North,  S  the  South,  &c.  and 
the  fmall  Letter  b  fignifies  the  Word  by  :  the  Rumbs 
in  the  middle  between  any  two  of  the  Cardinals, 
are  exprefied  by  the  Letters  denoting  t  e  e  f 
dinals,  that  which  denotes  the  Point  lying  m  the 
Meridian  having  the  Precedence ;  thus  the  Rumb 
in  the  middle  between  the  North  and  Lalt  is  ex¬ 
prefied  N  E,  which  is  to  be  read  North  Eajty 
.¥  '  alio 
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alfo  S  W  denotes  the  South  Weft  Rumb,  &V.  thc 

other  Rumbs  are  exprefled  according  to  their 


Situation  with  refpecb  to  thefe  middle  Rumbs, 

and  the  neareft  Cardinals,  as  is  plain  from  the  an¬ 
nexed  Scheme. 

*  17.  The 
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17.  The  Card  is  put  into  a  round  Box,  made  for 
it,  having  a  Pin  ere£bed  in  the  middle,  upon  which, 
the  hollow  Center  of  the  Needle  is  fixed,  fo  as  the 
Card  may  he  horizontal,  and  eafily  vibrate  accord¬ 
ing  to  Motion  of  the  Needle ;  the  Box  is  covered 
over  with  a  fmooth  Glafs,  and  is  hung  in  a  brafs 
Hoop  upon  two  cylindrical  Pins,  diametrically  op- 
pofite  to  one  another,  and  this  Hoop  is  hung  within 
another  brafs  Circle,  upon  two  Pins  at  right  Angies 
with  the  former.  Thefe  two  Circles,  and  the  Box , 
are  placed  in  another  fquare  wooden  Box ,  fo  that 
the  innermoft  Box ,  and  confequently  the  Card , 
may  keep  horizontal  which  Way  foever  the  Ship 
heels. 

18.  Since  the  Meridians  do  all  meet  at  the  Poles , 
and  there  form  certain  Angles  with  one  another ; 
and  fince  if  we  move  never  fo  little  towards  the 
Eaft  or  Weft ,  from  one  Place  to  another,  we  there¬ 
by  change  our  Meridian ,  and  in  every  Place  the 
Eaft  and  tVeft  Line  being  perpendicular  to  the 
Meridian  \  it  follows,  that  the  Eaft  and  W ft  Line 
in  the  firft  Place,  will  not  coincide  with  the  Eaft 
and  JVeft  Line  in  the  fecond,  but  be  inclined  to  it, 
at  a  certain  Angle :  and  confequently  all  the  other 
Rumb  Lines  at  each  Place,  will  be  inclined  to  each 
other,  they  always  forming  the  fame  Angles  with 
the  Meridian .  Hence  it  follows  that  all  Rumbs , 
except  the  four  Cardinals,  mull  be  Curves  or  LLeli- 
fpherical  Lines,  always  tending  towards  the  Pole , 
and  approaching  it  by  infinite  Gyrations  or  Turn¬ 
ings,  but  never  falling  into  it.  Thus  let  P  be  the 
Pole,  E  an  Arch  of  the  Equator,  PE,  PA, 
&c.  Meridians,  and  E  F  G  H  K  L  any  Rumb  * 
then  becaufe  the  Angles  P  E  F,  P  F  G,  &c.  are  by 
the  Nature  of  the  Rumb  Line  equal,  it  is  evident  that 
it  will  form  a  curve  Line  on  the  Surface  of  the 
Globe,  alv/ays  approaching  the  Pole  P,  but  never 

falling 
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Falling  iilto  it  ;  for  if  it  were  poffible  for  it  to  fall 
into  the  Pole  5  then  it  would  follow,  that  the  fame 


Line  could  cut  an  infinite  Number  of  other  Lines  at 
equal  Angles,  in  the  fame  Point ;  which  is  abfurd. 

19.  Becaufe  there  are  32  Rumbs  (or  Points  in  the 
Compafs )  equally  diftant  from  one  another,  therefore 
the  Angle  contained  between  any  two  of  them  adja¬ 
cent,  will  be  110,  15',  viz.  TV  Part  of  360°;  and 
fo  the  Angle  contained  between  the  Meridian  and  the 
N  b  E,  will  be  1 1°,  15',  and  between  the  Meridian 
and  the  NNE,  will  be  220,  30',  and  fo  of  the  reft, 
as  in  the  following  Table. 
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A  \ Table  of  the  Angles  which  every  ~  Point  of  the 
Compafs  makes  with  the  Meridian . 


North 

South 

Points 

D.  Af. 

North 

South 

■ 

NhE 

S  £  E 

1 

A. 

1 

Z 

3 

4 

1 

02  49 

°5  37 
08  26 

ii  15 

N  h  W 

SbW  I 

NNE 

SSE 

*  1 

1  } 

1  1 

2 

14  04 

16  52 

l9  4i 
22  30 

NNW 

ssw 

NE£N 

S  Eb  S 

2  i 

2  i 

^  z 

2  — 

^  4 

3 

2  5  *9 

28  07 

30  56 

33  45 

NW^N 

SWiS 

N  E 

SE 

3  i 

3  i 

3  4 

4 

36  34 

39  22 

42  1 1 

45  00 

N  W 

s  w 

NE£E 

SE£E 

4  i 

4  f 

4  i 

5 

47  49 

5°  37 
53  26 

56  15 

NW/5W 

SWbW 

* 

ENE 

ESE 

5  i 

5  £ 

5  1 

6 

^9  °4 
61  52 

64  42 

67  30 

WNW 

ws  w 

E  £  N 

EhS 

6  1 

6  f 

6  i 

7  * 

70  19 

73  °7 

75  56 

78  45 

W£  N 

w*s 

raft 
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SECT.  VII. 

Of  Plain  Sailing. 

i.npHIS  Method  of  Sailing,  fuppofes  the 
X  Earth  to  be  a  Plain,  and  the  Meridians 
parallel  to  one  another*,  and  likewife  the  Parallels 
of  Latitude  at  equal  Diftance  from  one  another,, 
as  they  really  are  upon  the  Globe.  Tho’  this  Me¬ 
thod  be  in  itfelf  evidently  falfe  *,  yet  in  a  ftiort 
Run,  and  efpecially  near  the  Equator,  an  Account 
of  the  Ship’s  Way,  may  be  kept  by  it  tolerably 
well. 

2.  The  Angle  formed  by  the  Meridian  and  Rumb, 
that  a  Ship  fails  upon,  is  called  the  Ship’s  Courfe. 
Thus  if  a  Ship  fails  on  the  N  N  E  Rumb,  then  her 
Courfe  will  be  220,  30',  and  fo  of  others. 

3.  The  Diftance  between  two  Places  lying  on  the 
fame  Parallel  counted  in  Miles  of  the  Equator ,  or 
the  Diftance  of  one  Place  from  the  Meridian  of  an¬ 
other,  counted  as  above,  on  the  Parallel  palling 
over  that  Place,  is  called  Meridional  Diftance  which 
in  Plain  Sailing ,  goes  under  the  Name  of  Departure. 

4.  Let  A  denote  a  certain  Point  on  the  Earth’s 
Surface,  A  C  it’s  Meridian ,  and  A  D  the  Parallel 
of  Latitude  palling  thro’  it  *,  and  fuppofe  a  Ship  to 
fail  from  A  on  the  N  N  E  Rumb  till  fhe  arrive 
at  B  ;  and  thro’  B  draw  the  Meridian  B  D  (which 
according  to  the  Principles  of  Plain  Sailing ,  mult 
be  parallel  to  C  A)  and  the  Parallel  of  Latitude 
B  C  j  then  the  Length  of  A  B,  viz .  how  far  the 
Ship  has  failed  upon  the  N  N  E  Rumb,  is  called 
her  Diftance  *,  AC  or  B  D  will  be  her  Difference  of 
Latitude ,  or  Northing,  C  B  will  be  her  Departure , 
or  Ealting,  and  the  Angle  CAB  will  be  the  Courfe - 

Hence 


/ 
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Hence  it  is  plain,  that  the  Diftance  failed,  will  al¬ 
ways  be  greater  than  either  the  Difference  of  Lati¬ 
tude,  or  Departure ,  it  being  the  Hypothenufe  of  a 
right-angled  Triangle,  whereof  the  other  two  are 
the  Legs ;  except  the  Ship  fails  either  on  a  Meridian , 


or  a  Parallel  of  Latitude  •,  for  if  the  Ship  fails  on  a 
Meridian,  then  it  i*  plain,  that  her  Diftance  will  be 
juft  equal  to  her  Difference  of  Latitude,  and  fhe  will 
have  no  Departure ;  but  it  fine  fail  on  a  Parallel, 
then  her  Diftance  will  be  the  fame  with  her  Depar - 
ture,  and  fhe  will  have  no  Difference  of  Latitude * 
It  is  evident  alfo  from  the  Scheme,  that  if  the 
Courfe  be  lefs  than  4  Points,  or  45  Degrees,  it’s 
.  Complement,  viz.  the  other  Oblique  Angle,  will  be 
greater  than  45  Degrees,  and  fo  the  Difference  of 
Latitude  will  be  greater  than  the  Departure ;  but  it 
the  Courfe  be  greater  than  4  Points,  then  the  Diffe¬ 
rence  of  Latitude  will  be  lefs  than  the  Departure ; 
and  laftly,  if  the  Courfe  be  juft  4  Points,  the  Diffe¬ 
rence  of  Latitude  will  be  equal  to  the  Departure. 

5.  Since  the  Diftance,  Difference  of  Latitude, 
and  Departure,  form  a  right-angled  Triangle,  in 

M  which 


1 
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which  the  Oblique  Angle  oppofite  to  the  Departure 
is  the  Courfe,  and  the  other  it’s  Complement  ;  there- 
fore  having  any 'two  of  thefe  given,  we  can  (by 
Seff.  2.)  find  the  reft;  and  hence  arife  the  Cafes  of 
Plain  Sailing*  which  are  as  follow. 

CASE  1. 

Courfe  and  Diftance  given ,  to  find  Difference  of 
Latitude  and  Departure. 

Example . 

Suppofe  a  Ship  fails  frorfi  the  Latitude  of  30°, 
25 r  North,  N  N  E,  32  Miles.  Required  the  Diffe¬ 
rence  of  Latitude  and  Departure,  and  the  Latitude 
come  to. 

The  Geometrical  Conftrudtion  of  this  Cafe,  is 
the  fame  as  in  Cafe  3.  of  Right-Angled  trigonometry 


the  fame  Things  being  given  in  both;  and  from 
it  we  have  the  following  Analogy,  for  finding  the 
Departure,  viz. 

As  Radius  .  -  -  -  -  -  10.00000 

to  the  Diftance  A  C  -  32  -  -  -  1-50515 

fo 
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fo  is  the  Sine  of  the  Courfe  A  22°,  30'  -  9.58284 

to  the  Departure  B C  -  -  12.25  -  1.08799 

fo  the  Ship  has  made  12.25  Miles  of  Departure 
Eafterly,  or  has  got  fo  far  to  the  Eaftward  ol  her 
Meridian.  Then  for  the  Difference  ot  Latitude,  or 
Northing,  the  Ship  has  made,  we  have,  by  Cafe  3. 
of  Rectangular  Trigonometry,  the  following  Analogy, 

•viz. 

As  Radius  --------  10.00000 

is  to  the  Pittance  A  C  -  -  32  -  -  1  -5°5l  5 

fo  is  the  Co-fine  of  Courfe  A  -  22  ?3^  **  9*9  5  2 

to  the  Difference  of  Lat.  A  B  -29.57  -  **47°77 

* 

fo  the  Ship  has  differed  her  Latitude,  or  made  of 

Northing  29.57  Minutes.  >  ,  , 

And  fince  her  former  Latitude  was  Worth,  and. 
her  Difference  of  Latitude  alfo  North.  Therefore, 

To  the  Latitude  failed  from  -  -  30°,  25^N 

add  the  Difference  of  Latitude  -  00  ,  2 9-57 

and  the  Sum  is  the  Lat.  come  to  30  ,  54-57  N 

By  this  cafe  is  calculated  the  Table  of  Difference 
of  Latitude,  and  Departure,  to  every  Degree,  Point, 
and  quarter  Point  of  the  Compafs  ;  for  the  Liftance 
from  1  to  too  Miles,  at  the  end  01  this  Seinon  ;  the 
Ufe  of  which  fhall  be  there  explained. 

C  A  S  E  2. 

Courfe  and  Difference  of  Latitude  given ,  to  find  Di * 
fiance  and  Departure. 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  45  ^ 
North,  fails  N  E  b  N  4  Eafterly,  till  fhe  come  to 

M  2  the 
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the  Latitude  of  46°,  55 !  North.  Required  the 
Diftance  and  Departure  made  good  upon  that 
Courfe. 

Since  both  Latitudes  are  Northerly,  and  the  Courfe 
alfo  Northerly.  Therefore, 

From  the  Latitude  come  to  -  -  -  46°,  55/ 

fubtradt  the  Latitude  failed  from  -  45  >  25 

and  there  remains  -  -  -  -  -  -  01,  30 

the  Difference  of  Latitude,  equal  to  90 '  Miles. 

V  N  *  > 

The  Geometrical  Conftrudtion  of  this  Cafe,  is 
the  fame  with  that  of  Cafe  1.  of  Rectangular  Trigo¬ 


nometry,  and  by  it  we  have  the  following  Analogy, 
for  finding  the  Departure  B  D,  viz. 


As  Radius  -  -  -  10.00000 

is  to  the  Diff.  of  Latitude  A  B  -  90  -  1.9^424 

fo  is  the  Tangent  of  Courfe  A  -  39°,  22'  9.91404 
to  the  Departure  B D  -  -  -  73.84  1.86828 

1o  the  Ship  has  got  73.84  Miles  to  the  Eaflward  of 
her  former  Meridian. 


Again, 
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/  ■* :  ' 

/ 

Again,  For  the  Diftance  AD,  we  have  by  Cafe  2. 
of  Rectangular  Trigonometry ,  the  following  Propor- 
tion,  viz. 

As  Radius  -  -  --  --  --  10.00000 

is  to  the  Secant  of  the  Courie  390,  22^  10.11176 

fo  is  the  Difference  of  Latitude  A  B  90  -  1.95424 
to  the  Diftance  AD  -  -  -  116.4  -  2.06600 


CASE  3. 

Difference  of  Latitude  and  Diftance  given,  to  find 
Courfe  and  Departure. 

Example. 

%  * 

Suppofe  a  Ship  fails  from  the  Latitude  of  56°,  50/ 
North,  on  a  Rhomb  between  South  and  Weft,  126 
Miles,  and  fhe  is  then  found  by  Obfervation  to  be 
in  the  Latitude  of  55°,  40'  North.  Required  the 
Courfe  fhe  failed  on,  and  her  Departure  from  the 
Meridian. 

j  •  - 

Since  the  Latitudes  are  both  North,  and  the  Ship 
failing  towards  the  Equator.  Therefore, 

,  r  . 

From  the  Latitude  failed  from  -  -  56  >  5° 

fubtrad:  the  obferved  Latitude  -  -  55  5  4° 

«  — 

and  the  Remainder  -  -  -  -  -  01,10 

equal  to  70  Miles,  is  the  Difference  of  Latitude. 
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This  Cafe  is  conftru&ed  the  fame  Way  as  Cafe  5. 
of  K0 angular  Trigonometry ,  and  by  it  we  have  the 


r 


Following  Proportion  for  finding  the  Angle  of  the 
Courfe  F,  viz. 

As  the  Diftance  failed  D  F  -  126  -  2.10037 

is  to  Radius  -  --  --  --  --  10.00000 
fo  is  the  Diff.  of  Latitude  F  E  70  -  1.84510 

to  the  Co-fine  of  the  Courfe  F  56%  if  9.74473 
which,  becaufe  fhe  fails  between  South  and  Weft, 
will  be  South  56°,  if  Weft,  or  S  W  b  W.  Then 
for  the  Departifre,  we  have  by  Cafe  3.  of  Rectangu¬ 
lar  Trigonometry ,  the  following  Proportion,  viz. 

As  Radius  -------  10.00000 

is  to  the  Diftance  failed  D  F  -  126  -  2.10037 

fo  is  the  Sine  cf  the  Courfe  F  -  56°,  15^  9.91985 
to  the  Departure  D  E  -  -  104.8  -  2.02022 

confequently  fhe  has  made  104.8  Miles  of  Depar¬ 
ture  Wefterly. 
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C  A  S  E  4- 
Difference  of  Latitude  and  Departure  given ,  to  find 
Courfe  and  Diftance. 

Example. 

Suppofe  a  Ship  fails  from  the  Latitude  of  440,  50' 
North  between  South  and  Eaft,  till  Hie  has  made 
64.  Miles  of  Balling,  and  is  then  found  by  Obferva- 
tion  to  be  in  the  Latitude  of  42°>  5^  North.  Re* 
quired  the  Courfe  and  Diftance  made  good. 

Since  the  Latitudes  are  both  North,  and  the  Ship 
failing  towards  the  Equator.  Therefore, 

From  the  Latitude  failed  from  -  -  440,  50'  N 
take  the  Latitude  come  to  -  *  42  »  56 

and  there  remains . ’•  5t 

equal  to  1 14  Miles,  the  Difference  of  Latitude  or 

Southing. 

This  Cafe  is  conftrudted  the  fame  Way  as  Cafe  4. 
of  Rectangular  T rigonometry ,  and  by  it  we  have  the 


G 


fallowing  Proportion  to End  the  Courfe  KG  L,  t'« 
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As  the  Diff.  of  Latitude  G  K  1 14  -  -  2.05690 

is  to  Radius . -  -  10.00000 

10  is  the  Departure  K  L  64  -  -  1.806 18 

to  the  Tangent  of  Courfe  G  29°,  if  -  9.74928 
which  becaule  the  Ship  is  failing  between  South  and 
Eaft,  will  be  South  29°,  if  Ball,  or  S  S  E  4.  Eaft 
nearly. 

Then  for  the  Diftance,  we  fhall  have  by  Cafe  2. 

cf  Re  ft  angular  Trigonometry,  the  following  Analogy, 
viz. 

\  1  • 

As  Radius  -  -  -  -  -  -  -  10.00000 

is  to  the  DifF.  of  Latitude  GK  114  -  -  2.05690 

fo  is  the  Secant  of  the  Courfe  -  290,  \f  10.05952 
to  the  Diftance  G  L  -  -  130*8  -  2.11642 

confequently  the  Ship  has  failed  onaSSE^  Eaft 
Courfe  130.8  Miles. 


CASE  5. 

/ 

Diftance  and  Departure  given,  to  find  Courfe  and 
Difference  of  Latitude , 


Example. 

Suppofe  a  Ship  at  Sea,  fails  from  the  Latitude  of 
340,  24' North,  between  North  and  Weft  124  Miles, 
and  is  found  to  have  made  of  Wefting  86  Miles. 
Required  the  Courfe  fleered,  and  the  Difference  of 
Latitude  or  Northing  made  good. 


This 
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This  Cafe  is  conftrufted  the  fame  Way  as  Cafe  5. 
of  Rectangular  trigonometry,  and  by  it  we  have  the 


following  Proportion  for  finding  the  Courfe  A  D  B, 

viz. 

/ 

As  the  Diftance  A  D  -  -  124  -  -  2.09342 

is  to  Radius  -  --  --  --  -  10.00000 

fo  is  the  Departure  A  B  86  -  -  1  -9345° 

to  the  Sine  of  the  Courfe  D  43°’  54'  "  9.84108 

fo  the  Ship’s  Courfe  is  North  43%  54'  Weft,  or 
N  W  b  N  f  Weft  nearly. 

Then  for  the  Difference  of  Latitude,  we  have  by 
Cafe  3.  of  Rectangular  Trigonometry ,  the  following 
Analogy,  viz. 

I 

A  c  RsdniQ  _  —  —  —  —  —  '  1 0.00000 

is  to  the  Diftance  AD  -  -  124  -  -  2.09342 

fo  is  the  Co-fine  of  the  Courfe  43  54^  ”  9-85766 

to  the  Diff.  of  Latitude  B  D  -  89.35  .  -  1  -95 108 

which  is  equal  to  1  Degree,  and  29  Minutes  nearly. 

Hence 


1 

1 
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Hence  to  find  the  Latitude  the  Ship  is  in,  fince  both 
Latitudes  are  North,  and  the  Ship  failing  from  the 
Equator.  Therefore, 

To  the  Latitude  failed  from  -  34°,  24* 

add  the  Difference  of  Latitude  -  -  -  1  ,  29 

the  Sum  is  -  -  -  - . 35  >  53 

the  Latitude  the  Ship  is  in  North. 

CASE  6. 

Courfe  and  Departure  given ,  to  find  Diftance  and 
Difference  of  Latitude. 

Example. 

Suppofe  a  Ship  at  Sea,  in  the  Latitude  of  240,  30' 
South,  fails  S  E  b  S,  till  fhe  has  made  of  Eafting 
96  Miles.  Required  the  Diftance  and  Difference  of 
Latitude  made  good  on  that  Courfe. 

This  Cafe  is  projected  the  fame  Way  as  Cafe  1. 
cf  Reft  angular  Trigonometry ,  and  by  Cafe  2.  we  have 

(r 


the  following  Proportion  for  finding  the  Diftance, 

viz. 


\ 


24°1  3°r 
2  ,  24 
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As  the  Sine  of  the  Courfe  G  33°>  45'  9-7447+ 

is  to  the  Departure  HM  -  -  96  -  -  1.98227 

fo  is  Radius . "  '  I0-00000 

to  the  Diftance  G  M  -  -  172-8  *  _  2-23753 

Then  for  the  Difference  of  Latitude,  we  have 
by  Cafe  1.  of  Rett  angular  trigonometry,  the  following 

Analogy,  viz. 

As  the  Tangent  of  Courfe  -  33° >  45'  '  9-%24% 9 
is  to  the  Departure  H  M  -  -  96  -  -  1.98227 

fo  is  Radius 

to  the  Difference  of  Latitude  G  H  -  143.7  '  2-J57 3  s 

equal  to  2°,  24'  nearly.  Confequently  fince  the 
Latitude  the  Ship  failed  from  was  South,  and  Ihe 
failing  ftill  towards  the  South, 

To  the  Latitude  failed  from  -  -  - 

add  the  Difference  of  Latitude  - 

and  the  Sum  -  -  -  ~  ” 

is  the  Latitude  fhe  is  come  to  South. 

6  When  a  Ship  ftems  feveral  Courfes  in  24  Hours, 
then  the  reducing  all  thefe  into  one,  and  thereby  • 
finding  the  Courfe  and  Diftance  made  good  upon 
the  Whole,  is  commonly  called  the  Refolvmg  of  a 

Cj’y pc?  t gy  fo 

7.  At  Sea  they  commonly  begin  each  Day  s  Rec¬ 
koning  from  the  Noon  of  that  Day,  and  from  that 
Time'  they  fet  down  all  the  different  Courfes  an 
Diftances  ftemmed  by  the  Ship  till  Noon  next  Day 
upon  the  Log-Board ;  then  from  thefe  feveral  Courfes 
and  Diftances  had  from  the  Compafs  & nd  Log-Line, 
they  compute  the  Difference  of  Latitude  and  De¬ 
parture  for  each  Courfe  (by  Cafe  i.  of  Plain  Sailing) 
and  thefe,  together  with  the  Courfes  and  Diftances, 
are  fet  down  in  a  Table  called  the  tbeLraverfeLable 
which  confifts  of  five  Columns ;  in  the  firft  of  which 

*11 L 
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arc  placed  the  Courfes  and  Diftances,  in  the  two 
next  the  Differences  of  Latitude  belonging  to  thefe 
Courfes,  according  as  they  are  North  or  South,  and 
in  the  two  laft  are  placed  the  Departures  belonging 
to  thefe  Courfes,  according  as  they  are  Eaft  or  WefL 
Then  they  fum  up  all  the  Northings,  and  all  the 
Southings  •,  and  taking  the  Difference  of  thefe,  they 
know  the  Difference  of  Latitude  made  good  by  the 
Ship  in  the  laft  24  Hours,  which  will  be  North  or 
South,  according  as  the  Sum  of  the  Northings  or 
Southings  is  greateft  ;  the  fame  Way  by  taking  the 
Sum  of  all  the  Eaftings,  and  likewife  of  all  the 
Weftings,  and  fubtra&ing ;  the  leffer  of  thefe  from  the 
greater,  the  Difference  will  be  the  Departure  made 
good-by  the  Ship  laft  24  Hours,  which  will  be  Eaft 
or  Weft  according  as  the  Sum  of  the  Eaftings  is 
greater  or  lefs  than  the  Sum  of  the  Weftings ;  then 
from  the  Difference  of  Latitude  and  Departure  made 
good  by  the  Ship  laft  24  Hours,  found  as  above, 
they  find  the  true  Courfe  and  Diftance  made  good 
uPonr  ^ie  whole  (by  Cafe  4.  of  Plain  Sailing ), 
as  alfo  the  Courfe  and  Diftance  to  the  intended 
Port. 


Example. 

t  Suppofe  a  Ship  at  Sea,  in  the  Latitude  of  48°,  24^ 
L  01  tli  at  Noon  any  Day,  is  bound  to  a  Port  in  the 
Latitude  or  43  40'  North,  whofe  Departure  from 

the  Ship  is  144  Miles  Eaft;  confequently  the  direct 
Courfe  and  Diftance  of  the  Ship  is  S  S  E  2.  Eaft  3 1 5 
Miles  ;  but  by  reafon  of  the  drifting  of  the  Winds 
iire  is  obliged  to  fteer  the  following  Courfes  till  Noon 
next  Day,  viz.  S  E  £  S  56  Miles,  SSE  64  Miles, 
h*  ^  4  8  Miles,  S  b  W  2  Weft  54  Miles,  and 
S  E  ^  S  Eaft  74  Miles.  Required  the  Courfe  and 
Diftance  made  good  the  laft  24  Hours,  and  the 

Bearing 
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Bearing  and  Diftance  of  the  Ship  from  the  intended 

‘  Port.  _  .  .  ,  .  . 

The  Solution  of  this  T raverfe  depends  entirely  on 

the  ift  and  4th  Cafes  of  Plain  Sailing *,  and  fir  ft  we 

muft  (by  Cafe  1.)  find  the  Difference  of  Latitude  and 

Departure  for  each  Courfe.  Thus, 

1  Courfe  SEbS  Diftance  56  Miles. 

For  Departure. 

'  ' 

As  Radius  -  ~  ”  10.00000 

is  to  the  Diftance  -  -  56  -  -  -  1.74819 

fo  is  the  Sine  of  the  Courfe  330,  4 51  “  974474 

to  the  Departure  -  -  -  3 1,11  ‘  “  i-49293 

!  For  Difference  of  Latitude. 

As  Radius  -  ~  10.00000 

is  to  the  Diftance  -  -  -  56  -  -  i-748*9 

fo  is  the  Co-fine  of  the  Courfe  330,  45'  -  9*9r985 
|  to  the  Diff.  of  Latitude  -  46.57  "  *  1-66804 

2.  Courfe  S  S  E  and  Diftance  64  Miles. 

For  Departure. 

As  Radius  -  -  -  - 

is  to  the  Diftance  -  -  64  -  *  - 

fo  is  the  Sine  of  the  Courfe  220,  30’ 
to  the  Departure  -  -  24.5  -  -  - 

For  Difference  of  Latitude. 

As  Radius . “ 

is  to  the  Diftance  -  64  - 

fo  is  the  Co-fine  of  the  Courfe  22%  3°^  “  9*96562 
to  the  Difference  of  Latitude  59.13  -  1.77 180 

3.  Courfe 


10.00000 
1. 80618 
9.58284 
1.38902 


10.00000 
1. 80618 
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3.  Courfe  NW^W  and  Diflance  48  Miles, 

For  Departure. 

As  Radius  ------  -  -  10.00000 

is  to  the  Diflance  -  -  48  -  -  1.68124 

fo  is  the  Sine  of  the  Courfe  56°,  15^  -  9.9 1985 

to  the  Departure  -  -  -  39.91  -  -  1.60109 

For  Difference  of  Latitude. 

As  Radius  -  -  -  -  -■  -  10.00000 

is  to  the  Diflance  -  -  -  48  *  -  1.68124 

fo  is  the  Co-fine  of  the  Courfe  56°,  15/  -  9.74474 

to  the  Difference  of  Latitude  26.67  "  “  1.42598 

4.  Courfe  S  b  W  4  Weft  and  Diflance  54  Miles. 

For  Departure. 


As  Radius  -  -------  10.00000 

is  to  the  Diflance  -  -  -  54  -  -  1.73239 

fo  is  the  Sine  of  the  Courfe  -  *  i6°y  52 1  -  9.46262 
to  the  Departure  -  -  -  15.67  -  -  -  1.1 9501 

For  Difference  of  Latitude. 

As  Radius  -  --  --  --  -  10.00000 
is  to  the  Diflance  -  -  -  54  -  -  1.73239 

fo  is  the  Co-fine  of  the  Courfe  1 6°,  52 1  -  9.98090 
to  the  Difference  of  Latitude  51.67  -  1.71329 


5.  Courfe  S  E  b  S  4-  Eaft  and  Diflance  74  Miles. 

For  Departure. 


As  Radius  -  -  -  -  -  -  10.00000 

is  to  the  Diflance  -  -  -  74  1.86923  I 

fo  is  the  Sine  of  the  Courfe  390,  221  -  9.80228 
to  the  Departure  -  -  -  46.94  -  -  1.67151 


For 
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For  Difference  of  Latitude. 

As  Radius  7  -  -  -  •  *  "  10.00000 

is  to  the  Diftance  -  -  -  74  *  '  1.^6923 

fo  is  the  Co-flue  of  the  Courfe  390,  22'  -  9.88824 
to  the  Difference  of  Latitude  57.21  -  -  1-75747 

Now  thefe  feveral  Courfes  and  Diftances  toge¬ 
ther  with  the  Differences  of  Latitude  sCnd  Depar¬ 
tures  deduced  from  them,  being  fet  down  in  their 
proper  Columns  in  the  Traverfe  Table,  will  Hand  as 

follow. 


The  T raverfe  Table. 


Courfe s  Difiances 

Diff.  of  Lat. 

Departure  l 

N 

S 

E 

W 

S  E  £  S  -  - 
S  S  E  -  -  - 

NW£W  -  - 
SiW'fWeft  - 
S  E  £  S  |  Eaft  - 

56 

64 

48 

46.57 

59- 1 3 

%  1. 1  i 

24.5 

26.67 

39*9 1 
15.67 

5 1  *67 
57-21 

54 

46.94 

74 

* 

26.67 

214.58 

26.67 

102.55 

55-58 

55-58 

-  

Diff.  of  Lat. 

187.91 

46.97 

Dep. 

Hence  it  is  plain,  fince  the  Sum  of  the  Northings 
is  26.67,  and  of  the  Southings  214.5??  ^lie  PA^*e“ 
rence  between  thefe,  viz.  187.91  will  be  the  South¬ 
ing  made  good  by  the  Ship,  the  laft  24  Hours; 
alfo  the  Sum  of  the  Eaftings  being  102.55,  and 
of  the  Weldings  55.58,  the  Difference  4^-97^ 
be  the  Eafting  or  Departure  made  good  by  the  Shipps 
laft  24  Hours;  confequently  to  find  the  true  Courie 
and  Diftance  made  good  by  the  Ship  in  that  Time,  it 
will  be  by  Cafe  4.  of  Plain  Sailing . 


! 


1 

1 
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As  the  Difference  of  Latitude  -  187.91  -  2.27393 
is  to  Radius  -  --  --  --  -  10.00000 

fo  is  the  Departure  -  -  -  -  4-6-97  ~  1.67182 

to  the  Tangent  of  the  Courfe  -  140,  03^  -  9-39789 
which  is  S  b  E  ^  Eaft  nearly.  Then  for  the  Diftance 
it  will  be 

As  Radius  -  -  -  -  *  -  -  -  10.00000 

is  to  the  Difference  of  Latitude  187.91  -  2.27393 
fo  is  the  Secant  of  the  Courfe  -  14 03 f  -  1 0.0 1319 

to  the  Diftance  -  -  -  -  193.7  -  2.28712 

confequently  the  Ship  has  made  good  the  laft  24 
Hours,  on  a  Sb'E  ^  Eaft  Courfe,  193.7  Miles; 
and  ftnce  the  Ship  is  failing  towards  the  Equator. 
Therefore, 

From  the  Latitude  failed  from  -  -  48°,  2ad  N 

take  the  Diff.  of  Latitude  made  good  -  3  ,  08  S 

there  remains  -  -  -  -  -  -  -  45  ,  16  N 

the  Latitude  the  Ship  is  in  North.  And  becaufe 

the  Port  the  Ship  is  bound  for,  lies  in  the  Latitude 
of  430,  40 !  North,  and  confequently  South  of  the 
Ship.  Therefore, 

From  the  Latitude  the  Ship  is  in  -  45  i6!N 

take  the  Latitude  fhe  is  bound  for  -  43  ,  40  N 

and  there  remains  -  -  -  -  -  -  1  ,36 

or  96  Miles,  the  Difference  of  Latitude  or  South¬ 
ing  the  Ship  has  to  make.  Again,  the  whole  Fail¬ 
ing  the  Ship  had  to  make,  being  144  Miles,  and 
fhe  having  already  made  46.97  or  47  Miles  of  Eall- 
ing ;  therefore  the  Departure  or  Eafting,  fhe  ftill 
has  to  make  will  be  97  Miles.  Confequently  to  find 
the  diredt  Courfe  and  Diftance  between  the  Ship  and 
the  intended  Port,  it  will  be  by  Cafe  4.  of  Plain 
Sailim. 
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As  the  Difference  of  Latitude  -  96  -  -  1.98227 

is  to  Radius . “  10.00000 

fo  is  the  Departure  -  -  97  1.98677 

to  the  Tangent  of  the  Courfe  -  450,  *9r  i°»°°45° 

\  *  *  •  ' 

and 


As  Radius  10.00000 

is  to  the  Difference  of  Latitude  -9^  “  “  1*98227 

j!  fo  is  the  Secant  of  the  Courfe  -  45^5  19f  IO,I5293 
to  the  Diftance  -  1 3^*5  “  2.13520 


whence  the  true  Bearing  and  Diftance  of  the  intended 
Port  is  SE,  1 36.5  Miles. 

0  1 

•  \  ■ 

8.  In  the  following  Table,  computed  by  Cafe  1. 
of  Plain  Sailing ,  for  the  more  ready  working  a 
Traverfe,  you  may  obferve ;  that  in  the  top  Co¬ 
lumn  of  each  Page  are  placed  the  Courfes  begin¬ 
ning  at  1  Degree,  and  proceeding  thro’  the  feveral 
Degrees,  Points,  and  quarter  Points,  to  45^Degrees, 
the  bottom  Column  beginning  with  45°,  where 
the  upper  ends*  and  proceeding  to  90  Degrees,  the 
Degrees  in  the  upper  and  lower  Columns  being 
the  Compliments  of  one  another.  The  two  fide 
Columns  in  each  Page  contain  the  Diftances,  viz. 
thofe  on  the  left  Hand  contain  the  Diftances  from 
1  to  50,  and  thofe  on  the  right  Hand  Page  con¬ 
tain  the  Diftances  from  50  to  100.  The  other  in¬ 
termediate  Columns  contain  Differences  of  Lati¬ 
tude  and  Departures,  anfwering  to  the  Courfes  in 
the  top  and  Diftances  in  the  fide  Columns.  The 
Ufe  of  this  will  be  plain,  from  the  following  Ex¬ 
ample.  . 


Example 
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Example  i. 

Suppofe  the  Courfe  to  be  S  E  b  S  f  Eaft,  and 
Diftance  48  Miles.  Required  Difference  of  Lati¬ 
tude  and  Departure. 

Firftj  I  look  in  the  top  Column  for  3  f  Points 
(becaufe  it  is  lefs  than  4  Points,  or  45  Degrees) 
and  in  the  fide  Column  on  the  left  Hand  Page  (be¬ 
caufe  the  Diftance  is  lefs  than  50)  for  the  Diftance 
48 ;  then  below  the  3  f  Points,  and  on  the  fame 
Line  with  48,  I  find  37.1  for  the  Difference  of 
Latitude,  and  30.4  for  the  Departure. 

Example  2. 

Suppofe  the  Courfe  N  E  b  E,  and  the  Diftance 
76  Miles.  Required  Difference  of  Latitude  and 
Departure. 

Firfi ,  I  look  in  the  bottom  Column  for  the 
Courfe,  viz.  5  Points  (becaufe  it  exceeds  4  Points 
or  45  Degrees)  and  in  the  fide  Column  on  the 
right  Hand  Page  (becaufe  the  Diftance  exceeds  50) 
for  the  Diftance  76 ;  then  above  the  Courfe,  and 
on  the  fame  Line  with  the  Diftance,  I  find  63.2 
for  the  Departure,  and  42.2  for  the  Difference  of 
Latitude. 

If  the  given  Diftance  exceed  the  Limits  of  the 
Table,  i.  e.  be  greater  than  100,  then  that  Diftance 
muft  be  divided  into  two  or  more  Parts,  each  of 
which  muft  be  lefs  or  equal  to  100  *,  then  find,  as  in 
the  preceding  Examples,  the  Difference  of  Latitude 
and  Departure  for  each  Diftance  on  the  given 
Courfe,  and  the  Sum  of  thefe  Differences  of  Lati¬ 
tudes  will  be  the  Difference  of  Latitude  required,, 
alfo  the  Sum  of  the  Departures,  will  be  the  Depar¬ 
ture  required. 


Example 
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Example  3. 

Suppofe  the  Courfe  SW^S,  and  Diftance  146 
Miles.  Required  the  Difference  of  Latitude  and 
Departure, 

Firft,  I  divide  the  given  Diftance  into  two,  viz. 
100  and  46;  then  the  Differences  of  Latitude  and 
Departures  anfwering  to  thefe  on  a  S  W  b  S  Courfe, 
found  in  the  Table,  will  be  as  follows,  viz. 


Courfe 

SW£S 


Dift. 

Dift.  of  Lat. 

Depar . 

ioo 

83.1 

55-6 

46 

38.2 

25-5 

146 

121.3 

8l.  1 

The  Sum  of  the  Differences  of  Latitude,  viz. 
121.3  is  the  Difference  of  Latitude  required,  and 
the  Sum  of  the  Departures,  viz .  81.1  is  the  Depar¬ 
ture  required. 

After  the  fame  Manner  may  aTraverfe  be  wrought 
by  the  Table,  viz.  by  finding  the  Difference  of 
Latitude  and  Departure  (from  the  Table)  to  each 
Courfe  and  Diftance,  and  fetting  them  down  in 
their  proper  Columns  in  the  Traverfe  Table,  and 
then  working  as  in  the  foregoing  Example  of  a 
Traverfe. 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  36°,  43 '  North, 
fails  on  the  following  Courfes,  viz.  SE£S  56  Miles, 
S  S  E  42  Miles,  S b W  64  Miles,  and  NE£N 
40  Miles.  Required  the  Courfe  and  Diftance  made 
good  upon  the  whole,  and  the  Latitude  the  Ship  has 

come  to. 

N  2  Firft , 
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Fir  ft,  I  take  from  the  Table,  the  Difference  of 
Latitude  and  Departure  belonging  to  each  Courfe 
and  Diftance,  and  thefe  fet  down  in  their  proper 
Columns  in  the  Traverfe  Table,  will  ftand  as  fol¬ 
lows. 


Courfes  Difiances 

Dijf.  of  Lats 

Departure 

N 

S 

E 

W 

SEiS  -  -  56 

46.6 

31. 1 

SSE  -  -  -  43 

397 

16.5 

S6W  -  -  -  64 

. 

6z.8 

12.5 

NEiN  -  -  40 

33-3 

22.2 

■  ■ 

33-3 

I49-1 

69.8 

12.5 

4 

33-3 

12.5 

.  Piff- 

of  Lat. 

1 1 5.8 

57-3 

Dep. 

Whence  it  is  plain,  that  the  Difference  of  Lati¬ 
tude  made  good  is  115.8  Miles,  and  the  Departure 
is  57.3  Miles;  then  for  the  diredt  Courfe  and  Di- 
fiance  it  will  be,  by  Cafe  4.  of  Plain  Sailings 

As  the  Difference  of  Latitude  -  115.8  -  2.0996-8 

is  to  Radius  --------  10.00000 

fo  is  the  Departure  -  57.3  -  1.75815 

to  the  Tangent  of  the  Courfe  -  24°,  3 o 1  9.65847 
which,  becaufe  the  Ship  is  failing  between  South 
and  Eaft,  will  be  SSE  ~  Eafl  nearly.  Again,  for 
the.  Diftance  it  will  be 

As  Radius  -  -  -  -  -  -  -  10.00000 

is  to  the  Difference  of  Latitude  -  115.8  -  2.09968 
fo  is  the  Secant  of  the  Courfe .  -  240,  .3 o]  10.04098 
to  the  Diftance  -  -  -  -  -  138.3  -  2.14066 

And 
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And  fince  the  Ship  is  failing  towards  the  Equa¬ 
tor,  confequently  diminilhing  her  Latitude,  there¬ 
fore. 

From  the  Latitude  failed  From  -  -  -  43^  ^ 

fubtrad  the  Difference  of  Latitude  -  i  ,55  Sy 

and  there  remains  -  -  -  "  "  “  34  >  ^ 

the  Latitude  the  Ship  has  come  to* 


O  F 


Difference  of  "Latitude  and  Departure , 
in  Minutes  and  Tenth.  Parts,  to  every 
Degree  and  Quarter-Point  of  the 
Compafs,  for  the  exaft  working  of 
a  Traverfe, 


N  4 


'  \ 


•  V 


1 84 

A 

Table  of  Difference 

T 

Oi 

1  Deg. 

z  Deg. 

5  Point. 

3  Deg. 

4  Deg. 

5  Deg. 

G 

• 

r*  i 

-.at.  ] 

Dep. 

Lac. 

Dep. 

Lat. 

Dep. 

Lat.  j  ] 

Dep. 

Lat. 

Depi 

Lat. 

Dep. 

1 

31.0  C 

30.0 

01. 0 

00.0 

DI.O 

30.0 

01.  O' 

300 

01. 0 

00. 1 

01. 0 

00. 1 

1 

2  ■< 

32.0  C 

30.0 

02.0 

00. 1 

02.0 

30.1 

02. oj  00.1 

02.0 

op.  1 

02.0 

00.2 

2 

3 

D3.oj< 

30.1 

03.0 

30.1 

33.0 

30.1 

03.0  00.2 

03.0 

00.2 

03.0 

00.3 

3 

4 

34.0- C 

30.1 

04.0 

00. 1 

34.0 

30.2 

04.0;  CO. 2 

04.0 

00.3 

04.0 

00.3 

4 

5 

35.O j  < 

30.1 

05.0 

30.2 

05.0 

30.2 

05.0!  OO.3 

05.0 

°°*3 

05.0 

00.4 

5 

0 

36.0j 

30.1 

06.0 

00.2 

o&.o 

30.3 

06.0 

30.3 

06.0 

00.4 

06.0 

00.5 

6 

7 

O7.o|< 

30.1 

07.0 

00.2 

07.0 

30.3 

07.0 

50.4 

07.0 

00.5 

07.0 

00.6 

7 

8 

08.0 1 

30.1 

08.0 

00.3 

08.0 

3b. 4 

08.O 

30.4 

08.0 

00.6 

08.0 

00.7 

8 

O 

V 

09.0 

00.2  J 

09.0 

OO.3 

09.0 

30-4 

O9.O 

00.5 

09.0 

00.6 

09.0 

00.8 

9 

10 

roo 

00.2  J 

IO. O 

OO.4 

10.0 

00.5 

I  0.0 

00.5 

io.o 

00.7 

10.0 

00.9 

10 

1 1 

1 1.0 

00.2 

i  x.o 

OO.4 

1  1.0 

00.5 

II. 0 

00.6 

11. 0 

00.8 

1 1.0 

0 1.0 

11 

12 

12.0 

00.2 

12,0 

OO.4 

12.0 

00.6 

12.0 

00.6 

12.0 

00.8 

12.0 

bi.o 

12 

*3 

*3*9 

00.2 

I3.O 

OO.5 

I3.O 

00.6 

IJ.O 

00.7 

13.0 

00.9 

12. 9 

01. 1 

13 

14 

14.0 

00.2 

I4.O 

OO.5 

I4.O 

00.7 

I4.O 

00.7 

14  0 

0  1.0 

x3*9 

01.2 

M 

1  q.o! 

QQ-3 

15.0 

OO.5 

I  5.0 

00.7 

15.0 

00.8 

15.6 

01. 0 

14.9 

01.3 

15 

16 

i6.o| 

OO.3 

16.0 

00.6 

16.0 

00.8 

l6.0 

00.8 

16.0 

01. 1 

I5*9 

01.4 

16 

17 

T7.° 

OO.3 

17. 0 

00.6 

I7.O 

00.8 

I7.O 

00.9 

17.0 

01.2 

16.9 

°i*5 

l7 

18 

18. 0 1 

00.3 

18.0 

00.6 

18.O 

00.9 

l8.0 

00.9 

*7*9 

OI.3 

17.9 

0 1.6 

18 

19 

X9*° 

OO.3 

19.0 

00. 7 

I9.O 

00.9 

19.0 

01.0 

18.9 

of. 3 

18.9 

01.7 

19 

20 

20.0 

OO.4 

20.0 

00.7 

20.0 

01. 0 

20.  '0 

0  1.0 

19.9 

OI.4 

!9*9 

0 1.7 

20 

21 

21.0 

00,4 

21.0 

<30.7 

21.0 

01.0 

21.0 

or.i 

20.9 

OI.5 

20.9 

0 1.8 

21 

22 

22.0 

OO.4 

22.0 

bo.  8 

22.0 

01.1 

22.0 

01. 1 

21.9 

of. 5 

21. 9 

0 1.9 

22 

23 

23.° 

OO.4 

23.0 

00.8 

23*0 

01,1 

23.O 

01.2 

22. q 

pt.6 

22. 9 

02.0 

23 

24 

24.O 

OO.4 

24.0 

00.8 

24.0 

01.2 

24.0 

01.3 

23.9 

01.7 

23*9 

02,1 

m  .  f 

-4  . 

2$ 

25.0 

OO.4 

25.0 

00.9 

25.0 

OT.2 

---j.. 

25.O 

01.3 

24.9 

01.7 

24.9 

02.2 

2  5 

26 

26.0 

OO.5 

26.0 

00.9 

26.0 

01.3 

26.0 

or. 4 

25.9 

of.  8 

25.9 

02*3 

26 

27 

27.0 

OO.5 

27.0 

00.9 

27.0 

01.3 

27.O 

01.4 

26.9 

01.9 

26.9 

02.4 

27 

28 

28.0 

OC3.5 

28.0 

OT.O 

28.0 

01.4 

28.0 

01.5 

27*9 

02.0 

27*9 

02.4 

28 

29 

29.0 

OO.5 

29.0 

01. 0 

29.0 

01.4 

29.O 

01.5 

28.9 

02.0 

28.9 

02.5 

29 

30 

3°*P 

OO.  5 

30.0 

0;.  1 

3P-° 

Q1»5 

JO.O 

01.6" 

29.9 

02.  T 

29.9 

02.6 

30 

3X 

31.0 

OO.5 

31.0 

01. 1 

30.9 

01.5 

3l'.° 

of. 6 

30.9 

02.2 

3P-9 

02.7 

31 

3  2 

J2oO 

00.6 

32.0 

Of  .1 

31.9 

or. 6 

3  x*9 

01.7 

3X*9 

02..2 

3J*9 

92.8 

32 

33 

33.O 

00.6 

33'° 

or. 2 

32*9 

01.6 

32*9 

01.7 

32*9 

02.3 

32*9 

02.9 

33 

34 

34.O 

00.6 

34.0 

01.2 

33*9 

01.7 

33*9 

01.8 

33*9 

02.4 

33*9 

03.0 

34 

35 

35-Q 
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4 

03.0 

02.6 

Q3.0 

02.7 

03.0 

02.7 

02.9 

02.7 

02.9 

02.8 

02.8 

02.8 

4 

5 

03.8 

Q3-3 

°3-7 

°3-3 

°3‘7 

Q3-4 

03.6 

Q3-4 

03.6 

03-5 

03-5 

°3-5 

5 

6 

04*5 

03.9 

04.5 

04.0 

04.4 

04.0 

04.4 

04.1 

04.3 

04.2 

04.2 

04.2 

6 

7 

°S*3 

04.0 

05.2 

°4*7 

05.2 

04.7 

05..  1 

04.8 

05.0 

04.9 

°4-9 

04.9 

7 

8 

06.0 

05.2 

°5-9 

05.3 

05.9 

05.4 

05.8 

05.5 

05.7 

03.6 

05.7 

os. 7 

8 

9 

06.8 

05-9 

06.7 

06.0 

06.7 

06.0 

06.6 

06.1 

06.5 

06.2 

06.4 

06.4 

9 

10 

°7v5 

06.6 

07.4 

06.7 

07.4 

06.7 

07.3 

06.8 

07.2 

06.9 

07.1 

07.1 

10 

11 

08.3 

07.2 

08.2 

07.4 

08.1 

°7-4 

08.0 

°7- 5 

07.9 

07.6 

07.8 

07.8 

11 

12 

09.1 

°7*9 

08.9 

08.0 

08.9 

08.1 

08.8 

08.2 

08.6 

08.3 

08.5 

08.5 

IZ 

13 

09.8 

08.5 

09.7 

08.7 

09.6 

08.7 

09-5 

08.9 

°9*3 

09.0 

09.2 

09.2 

x3 

x4 

10.6 

09.2 

10.4 

09.4 

10.4 

09.4 

10.2 

09.5 

10. 1 

°9-7 

09.9 

09.9 

x4 

x5 

11,3 

09.8 

11. 1 

10.0 

11. 1 

10. 1 

11.0 

10.2 

10.8 

10.4 

10.6 

10.6 

XS 

16 

12. 1 

10.5 

11. 9 

10.7 

11. 9 

10.7 

n.7 

10.9 

11. 5 

11. 1 

11.3 

11. 3 

16. 

17 

12.8 

11. 1 

12.6 

1 1.4 

12.6 

11.4 

12.4 

11. 6 

12.2 

11. 8 

12.0 

12.0 

x7 

18 

13.6 

11. 8 

13.4 

12.0 

x3*3 

12.1 

x3-2 

12.3 

12.9 

12.5 

12.7 

12.7 

18 

19 

14.3 

12.5 

14.1 

12.7 

14. 1 

12.8 

x3-9 

x3-° 

I3.7 

13.2 

13.4 

13.4 

x9 

20 

x5*x 

x3-x 

x4»9 

*3-4 

14.8 

*3-4 

14.6 

13.6 

14.4 

*3-9 

14. 1 

14.I 

20 

ZI 

15.8 

13.8 

15.6 

14.0 

15.6 

14. 1 

x5-4 

14.3 

I5.I 

14.6 

14.8 

14.8 

ZI 

22 

16,6 

14.4 

16.3 

14.7 

16.3 

14.8 

16. 1 

13.0 

I3.8 

*5-3 

x5-5 

*5-5 

22  , 

23 

17.4 

x5*x 

17.1 

*5-4 

17.0 

15.4 

16.8 

xS-7 

I6.5 

16.0 

16.3 

16.3 

23 

24 

18.1 

I5*7 

17.8 

16. 1 

17.8 

16.1 

x7-5 

16.4 

x7-3 

16.7 

17.0 

17.0 

24 

25 

18.9 

16.4 

18.6 

16.7 

18.5 

16.8 

18.3 

17.1 

18.0 

17.4 

17.7 

17.7 

z5 

26 

19.6 

17.1 

19.3 

*7-5 

x9-3 

17.4 

19.0 

17.7 

18.7 

18. 1 

18.4 

18.4 

26 

27 

20.4 

17.7 

20.  r 

18. 1 

20.0 

18. 1 

19.7 

18.4 

19.4 

18.8 

19. 1 

19.1 

27 

28 

21. 1 

18.4 

20.8 

18.7 

20.7 

18.8 

20.5 

19.1 

20.1 

19.4 

19.8 

19.8 

28 

29 

21.9 

19.0 

21.5 

I9*4 

21.5 

19.5 

21.2 

19.8 

20.9 

20.1 

20.5 

20.5 

*9 

3° 

22.0 

19.7 

22.3 

20.1 

22.2 

20.1 

21.9 

20.5 

21.6 

20.8 

21.2 

21.2 

30 

1  31 

23*4 

20.3 

23.0 

20.7 

23.0 

20.8 

22.6 

21. 1 

22.3 

21.5 

Zl.Q 

21.9 

31 

•^32 

24.1 

21.0 

23.8 

21.4 

23.7 

2I-5 

23-4 

21.8 

23.0 

22.2 

22.6 

22.6 

32 

|l3 

24.9 

21.6 

24.5 

22.1 

24.4 

22.2 

24.1 

22.5 

23-7 

22.9 

23-3 

23-3 

33 

I  34 

25.0 

22.3 

25-3 

22.7 

25.2 

22.8 

24.9 

23-2' 

24-5 

23.6 

24.0 

24.0 

34 

j  35 

26.4 

23.0 

26.0 

*3-4 

25-9 

23-5 

25.6 

23-9 

25.2 

24»3 

24.7 

24.7 

35 

j  36 

27.2 

23.6 

26.7 

24.1 

26.7 

24.2 

26.3 

24.5 

25.9 

25.0 

25.4 

2S-4 

36 

I  37 

27.9 

24-3 

27-5 

24.7 

27.4 

24,8 

27.0 

25.2 

26.6 

24.7 

26.1 

26.1 

37 

1  38 

28.7 

24.9 

28.2 

25.4 

28.2 

25-5 

27.8 

25.9 

27-3 

16,4 

26.9 

26.9 

3* 

-  39 

29.4 

2!;. 6 

29.0 

26.1 

28.9 

26.2 

28.5 

26.6 

28.0 

27.1 

27.6 

27.6 

39 

40 

3°-2 

29»7 

26.8 

29.6 

26.9 

29.2 

27-3 

28.8 

27.8 

28.3 

28.3 

40 

'  •  Mi 

2  XjO- 

3°-5 

27.4 

3°-4 

27.5 

30.0 

28.0 

29-5 

28.  t; 

29.0 

29.0 

41 

4* 

31.2 

28.1 

3X,X 

28.2 

30-7 

28.6 

30.2 

29.2 

29.7 

29.7 

42 

43 

3x-9 

28.8 

3 1  *9 

28.9 

31.4 

29.3 

30,9 

29.9 

3°-4 

30.4 

43 

44 

3^ 

62,8.9 

lit*, : 

32.7 

29.4 

32.6 

29-5 

32.2 

3°.° 

31.6 

30.6 

31*1 

3 1,1 

44 

'  j45 

34_o 

33-4 

30.1 

33-_3 

30.2 

32-9 

30.7 

32.4 

3  T-3 

31.8 

31.8 

45 

4b 

34-7 

!^b.a 

34-2 

30.8 

34- 1 

30.9 

33-6 

3T-4 

33x 

32.0 

32. C 

32-5 

46 

47 

35*5 

30.8 

34-9 

3x-4 

34-3 

31.6 

34-4 

32.1 

33-8 

32.6 

33*2 

33-2 

47 

48 

36-3 

3x-5 

33.7 

32.1 

35-6 

32.2 

35-x 

32.7 

34-5 

33-3 

33-9 

33-9 

48 

49 

37-° 

32.1 

36-4 

32.8 

36*3 

32.9 

33.8 

33-4 

35.2 

34-o 

34.6 

34-6 

49 

50 

37-7 

32.8 

37*2 

33-5 

37-o 

33-6 

36.6 

34.1 

36.° 

34-7 

35*3 

35-3 

SO 

P 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

Dep. 

Lat. 

1  Dep. 

Lat. 

Dep. 

*  Lat. 

fc/ 

►  • 

49  Deg. 

48  Deg. 

4  y^Point. 

47  Deg. 

1 46  Deg. 

4  Points. 

1  p 

fg 


of  Latitude  and  Departure. 


pm 


57-3 

81 

58.0 

82 

58.7 

83 

59-4 

84 

60.1 

85 

60.8 

86 

61.5 

87 

62.2 

88 

62.9 

89 

63.6 

90 

64.3 

91 

65.0 

92 

65.8 

93 

66.5 

94 

67.2 

95 

67.9 

96 

68.6 

97 

69.3 

98 

70.0 

99 

70.7 

100 

Lsti 

O 

Dints. 

*-*  • 
ZP 
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SECT.  VIII. 

Of  Parallel  Sailing. 

i.niNCE  the  Parallels  of  Latitude  do  always 
decreafe  the  nearer  they  approach  the  Poley 
it  is  plain  a  Degree  on  any  of  them  muft  be  lefs 
than  a  Degree  upon  the  Equator.  Now  in  order 
to  know  the  Length  of  a  Degree  on  any  of  them  5 
let  P  B  reprefent  half  the  Earth’s  Axis,  P  A  a 
Quadrant  of  a  Meridian ,  and  confequently  A  a 


Point  on  the  Equator ,  C  a  Point  on  the  Meridian , 
and  C  D  a  Perpendicular  from  that  Point  upon  the 
Axis,  which  plainly  will  be  the  Sine  of  C  P  the 
Diftance  of  that  Point  from  the  Pole,  or  the  Co¬ 
fine  of  C  A  it’s  Diftance  from  the  Equator,  and 
C  D  will  be  to  A  B,  as  the  Sine  of  C  P,  or  Co¬ 
fine  of  C  A,  is  to  the  Radius.  Again,  if  the  Qua¬ 
drant  PAB  be  turned  round  upon  the  Axis  P  B, 

’tis 


so6  Of  Parallel  Sailing . 

5tis  plain  the  Point  A  will  defcribe  the  Circumfe¬ 
rence  of  the  Equator  whofe  Radius  is  A  B,  and  any 
other  Point  C  upon  the  Meridian,  will  defcribe  the 
Circumference  of  a  Parallels  whofe  Radius  is  CD. 

Cor.  i.  Hence  (becaufe  the  Circumferences  of 
Circles  are  as  their  Radii ,  as  is  eafily  gathered  from 
Art.  74.  Sett.  1.)  it  follows,  that  the  Circumference  of 
any  Parallel,  is  to  the  Circumference  of  the  Equator , 
as  the  Co-fine  of  it’s  Latitude,  is  to  Radius. 

Ccr.  2.  And  fince  the  Wholes  are  as  their  fimilar 
Parts,  it  will  be,  as  the  Length  of  a  Degree  on'  any 
Parallel,  is  to  the  Length  of  a  Degree  upon  the  Equa¬ 
tor,  fo  is  the  Co-fine  of  the  Latitude  of  that  Parallel 'i 
to  Radius. 

Cw.  3.  Hence  as  Radius  is  to  the  Co-fine  of  any 
Latitude,  fo  are  the  Minutes  of  Difference  of  Longi¬ 
tude  between  two  Meridians ,  or  their  Diftance  in 
Miles  upon  the  Equator,  to  the  Diftance  of  thefe  two 
Meridians  on  the  Parallel  in  Miles; 

Cor.  4.  And  as  the  Co-fine  of  any  Parallel  is  to 
Radius,  fo  is  the  Length  of  any  Arch  on  that  Parallel 
(intercepted  between  two  Meridians )  in  Miles,  to  the 
Length  of  a  fimilar  Arch  on  the  Equator,  or  Minutes 
of  Difference  of  Longitude. 

Cor.  5.  Alfo  as  the  Co-fine  of  any  one  Parallel  is 
to  the  Co-fme  of  any  other  Parallel,  fo  is  the  Length 
of  any  Arch  on  the  firft,  in  Miles,  to  the  Length  or 
the  fame  Arch  on  the  other  in  Miles. 

2.  From  what  has  been  faid,  arifes  the  Solution 
of  the  feveral  Cafes  of  Parallel  Sailing,  which  are  as 
follow. 

CASE  1. 

Given  the  Difference  of  Longitude  between  two 
Places ,  both  lying  on  the  fame  Parallel,  to  find  the 
Diftance  between  thofe  Places . 


Example 


207 


Of  Parallel  Sailing . 


Example  i. 

Suppofe  a  Ship  in  the  Latitude  of  540,  20  ^  North, 
fails  diredtly  Weft  on  that  Parallel  till  Ihe  has  differed 
hen  Longitude  120,  45'.  Required  the  Diftance 
failed  on  that  Parallel. 

Firft ,  The  Difference  of  Longitude  reduced  in¬ 
to  Minutes,  or  nautical  Miles,  is  765',  which  is  the 
Diflance  between  the  Meridian  failed  from,  and  the 
Meridian  come  to,  upon  the  Equator  \  then  to  find 
the  Diftance  between  thefe  Meridians  on  the  Pa¬ 
rallel  of  54°,  2 o',  or  the  Diftance  failed,  it  will  be, 
by  Cor.  3.  of  the  laft  Article > 


As  Radius  -  -  10.00000 

is  to  the  Co-fine  of  the  Lat.  -  540,  20^  -  9*76572 
fo  are  the  Minutes  of  Diff.  Long.  -765  -  2.88366 
to  the  Diftance  on  the  Parallel  -  446.1  -  2.64938 


Example  2. 

A  Degree  on  the  Equator  being  60  Minutes,  or 
nautical  Miles.  Required  the  Length  of  a  Degree 
on  the  Parallel  of  510,  32'. 


By  Cor.  3.  of  the  la  &  Article  ^  it  will  be 

As  Radius  -  --  --  10.00000 

is  to  the  Co-fine  of  the  Lat.  -  510,  32^  -  9.79383 
foa^e  the  Min.  in  1  Deg.  on  the  Equa.  60  -  1.77815 

t°  37-32  -  *'57l9% 

the  Miles  anfwering  to  a  Degree  on  the  Parallel  of 

.51°,  3*'- 

n  4 

By 
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By  this  Problem  the  following  Table  is  conftru£ted$ 
fhewing  the  Geographic  Miles  anfwering  to  a  Degree 
on  any  Parallel  of  Latitude *,  in  which  you  may  ob- 
ferve,  that  the  Columns  marked  at  the  Top  with  D.L. 
contain  the  Degrees  of  Latitude  belonging  to  each 
Parallel-,  and  the  adjacent  Columns  marked  at  the 
Top,  Miles ,  contaiii  the  Geographic  Miles  anfwer¬ 
ing  to  a  Degree  upon  thele  P ar aJlels » 

A  Table  fhewing  how  many  Miles  anfwer  to  a  Degree 
of  Longitude,  at  every  Degree  of  Latitude. 


W.L. 

Miles 

D.L 

Miles 

D.L. 

Miles 

D.L.\ 

Miles 

D.Z. 

Miles 

i 

59  99 

*9 

56  73 

37 

47-9  - 

55 

34.41 

73 

I7-54 

2 

59-97 

20 

56.38 

38 

47.28 

56' 

33-55 

74 

i6-53 

3 

59.92 

21 

56.01 

39 

46.62 

57 

32.68 

75 

15,52 

4 

59.86 

22 

55-63 

40 

45-95 

58 

31*79 

76 

H-S1 

5 

59-77 

23 

55-z3 

4* 

45.28 

59 

3O.9O 

77 

13.50 

6 

59.67 

24 

54.81 

42 

44-95 

66 

30.00 

78 

1 2.48 

7 

59.56 

25 

54.38 

43 

43.88 

61 

29.O9 

79 

11.45 

8 

59.42 

26 

53  93 

44 

43  1 6 

62 

28.17 

80 

10.42 

Q 

co. 26 

27 

53.46 

45 

42-43 

63 

27.24 

81 

9.38 

7 

IO 

59.08 

28 

52.97 

46 

41.68 

64 

26.30 

82 

8.35 

1 1 

58.89 

29 

52.47 

47 

40.92 

65 

25.36 

83 

7-32 

12 

58.68 

3° 

5 1 .96 

48 

40.15 

66 

24  41 

84 

6.28 

13 

58.46 

3 1 

5 1  -43 

49 

39  36 

67 

23-45 

85 

523 

14 

58.22 

32 

50.88 

50 

38-57 

68 

22.48 

86 

4.18 

15 

57-95 

33 

50.32 

51 

37-76 

69 

2 1  .jo 

87 

3-H 

16 

57.67 

34 

49  74 

52 

36  94 

70 

20.52 

88 

2  ©9 

17 

57-37 

35 

49.15 

53 

36. n 

7i 

1 9*  5  4 

89 

I  .O5 

18 

57.06 

36 

48.54 

54 

35.26 

72 

18.55 

90 

O  Oo 

Tho’  this  Table  does  only  fhew  the  Miles  anfwer- 
ino-  to  a  Degree  of  any  Parallel ,  whofe  Latitude  con-  # 
lifts  of  a  whole  Number  of  Degrees*,  yet  it  may  be 
made  to  ferve  for  any  Parallel ,  whofe  Latitude  is 
fome  Number  of  Degrees  and  Minutes,  by  making 

the  following  Proportion,  viz. 

As  i  Degree,  or  60  Minutes,  is  to  the  Difference 

between  the  Miles  anfwering  to  a  Degree  in  the 
next  greater  and  next  lefs  abular  Latitude  t  ran 
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that  propofed,  fo  is  the  Excefs  of  the  propofed 
Latitude  above  the  next  tabular  Latitude,  to  a 
proportional  Part ;  which,  fubtracted  from  the  Miles 
anfwering  to  a  Degree  ol  Longitude  in  the  next 
lefs  tabular  Latitude,  will  give  the  Miles  anfwering 
to  a  Degree  in  the  propofed  Latitude. 

Example . 

Required  to  find  the  Miles  anfwering  to  a  Degree 
on  the  Parellel  of  56°,  44/. 

1  •  •  1  %  i  '.*•  \ 

Firft ,  The  next  lefs  Parallel  of  Latitude  in  the 
Table,  than  that  propofed  is  that  ol  56° ,  a  De¬ 
gree  of  which  (by  the  Table)  is  equal  to  33*55 
Miles-,  and  the  next  greater  Parallel  ol  Latitude 
in  the  Table,  than  that  propofed,  is  that  of  57% 
a  Degree  ol  which  is  (by  the  "table)  equal  to’  32.68 
Miles-,  the  Difference  of  thefe  is  .87,  and  the  Di¬ 
ftance  between  thefe  Parallels  is  1  Degree  or  60 
Minutes ;  alfo  the  Diftance  between  the  Parallel  of 
56°,  and  the  propofed  Parallel  ol  56°,  44'  is  44 
Minutes  -,  then  by  the  preceding  Proportion  it  will 
be  :  As  60,  is  to  .87,  fo  is  44,  to  .638,  the^Diffe- 
rence  between  a  Degree  on  the  Parallel  ol  $6°  ^  and 
a  Degee  on  the  Parallel  of  56° ,  44^,  which  there¬ 
fore  taken  from  33.55,  the  Miles  anfwering  to 
a  Degree  on  the  Parallel  of  56°,  leaves  32.912  the^ 
Miles  anfwering  to  a  Degree  on  the  Parallel  oi 
56°,  44 as  was  required. 

CASE  2. 

Ehe  Diftance  failed  in  any  Parallel  of  Latitude ,  0? 
the  Diftance  between  any  two  Places  oH  that  Parallel 
being  given,  to  find  the  Difference  of  Longitude. 

P  Example . 
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Example. 

Suppofe  a  Ship  in  the  Latitude  of  550,  36'  North 
fails  directly  Eafc  685.6  Miles.  Required  how  much 
fhe  has  differed  her  Longitude. 

By  Cor.  4.  Art.  1.  of  this  SetHion,  it  will  be 


As  the  Co-fme  of  the  Lat.  -  550,  3&f  -  9.752 02 

is  to  Radius  -  10.00000 

fo  is  the  Diflance  failed  -  685.6  -  -  2.83607 
to  Min.  of  Diff.  of  Long.  -  1213  -  -  3.08405 


which  reduced  into  Degrees,  by  dividing  by  60, 
makes  20°,  13^  the  Difference  of  Longitude  the 
Ship  has  made. 

This  may  alfo  be  folved  by  Help  of  the  foregoing 
Table,  viz.  by  finding  from  it,  the  Miles  anfwering 
to  a  Degree  on  the  propofed  Parallel ,  and  dividing 
with  this  the  given  Number  of  Miles,  the  Quotient 
will  be  the  Degrees  and  Minutes  of  Difference  of 
Longitude  required. 

Thus  in  the  laft  Example  *,  I  find,  from  the  fore¬ 
going  Table,  that  a  Degree  on  the  Parallel  of 
550,  36'  is  equal  to  33.89  Miles  ^  by  this  I  divide 
the  propofed  Number  of  Miles  685.6  and  the  Quo¬ 
tient  is  20.13  Degrees,  i.  e.  20°,  13',  the  Difference 
of  Longitude  required. 

CASE  3. 

;  The  Difference  of  Longitude  between  two  Places  on 
the  fame  Parallel,  and  the  Diftance  between  them  being 
given ,  to  find  the  Latitude  of  that  Parallel.  . 


Example , 


Of  Parallel  Sailing.  2 1  i 


Suppofe  a  Ship  fails  on  a  certain  Parallel  direftly 
. •«  i  .  i  1 _ _  J Kot4  T  Anm -s 


Weft  624  Miles,  and  then  has  differed  her  Longi¬ 
tude  1 8°,  46'  or  1126  Miles.  Required  the  Lati¬ 
tude  of  the  Parallel  Ihe  failed  upon. 

By  Cor.  3.  Art.  1.  of  this  Seffion,  it  will  be 

As  the  Min.  of  Diff.  Long.  -  1126  -  3.05154  ■ 

is  to  the  Diftance  failed  -  -  624  -  2,795 1  o 

fo  is  Radius . ,  io.oooco 

to  the  Co-fine  of  the  Lat.  -  -  56°>  21  7  9 -74304 
confequently  the  Latitude  of  the  Ship  or  Parallel  Ihe 

failed  upon  was  56 21'. 

/ 

From  what  has  been  faid,  may  be  folved  the  fol¬ 
lowing  Problems. 


P  R  O  B.  1. 


Suppofe  two  Ships  in  the  Latitude  of  46°,  30' 
North,  diftant  afunder  654  Miles,  fail  both  dne&ly 
North  2  c6  Miles,  and  confequently  are  come  to  the 
Latitude"  of  5o°,  46'  North.  Required  their  Di- 
fiance  on  that  Parallel . 

By  Cor.  5.  Art.  1.  of  this  Section,  it  will  be 

As  the  Co-fine  of  -  -  46°,  3°'  *  9'837Si 
is  to  the  Co-fine  of  -  -  5°°’  4 9  "  9-8°  105 

foi? . 654.'  '  2'8i558 

. . 601  -  -  2.77882 

the  Diftance  between  the  Ships  when  on  the  Parallel 
of  5qC>>  46'- 


P  2 
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P  R  O  B.  2. 

Suppofe  two  Ships  in  the  Latitude  of  45°,  48 ? 

North,  diftant  846  Miles,  fail  diredtly  North 
till  the  Diftance  between  them  is  624  Miles. 
Required  the  Latitude  come  to,  and  the  Diftance 
failed. 

— 

,* 

/  v  .  * V .  j  3 

By  Cor.  5.  Art.  1.  of  this  Section,  it  will  be 

■.  ;  •  •  ' 

As  their  firft  Diftance  -  -  846  -  -  2.92737 

Is  to  their  fecond  Diftance  -  624  -  -  2.7951 8 

fo  is  the  Co-fince  of  -  -  450,  48*  -  9.84334 

to  the  Co-fine  -  -  -  59  ,  04  -  9.71 1 15 

the  Latitude  of  the  Parallel  the  Ships  are  come  to. 

'  *  • 

Confequently  to  find  their  Diftance  failed. 

From  the  Latitude  come  to  -  -  -  59  04 f 

fubtradt  the  Latitude  failed  from  -  -  45  ,  48 

and  there  remains  -  -  -  -  13,16 

equal  to  796  Miles,  the  Difference  of  Latitude  or 
Diftance  failed.  I 

,  3.  Though  in  folving  the  Problems  in  this  Sedtion, 
we  fuppofed  the  Earth  to  be  really  fpherical,  yet  it  is 
not  fo,  but  rather  an  oblate  Spheroid  having  the  Dia¬ 
meter  of  the  Equator  about  34  Miles  longer  than 
the  Axis ;  which  makes  the  Length  of  a  Degree  on 
the  Meridian,  near  the  Poles,  about  a  Mile  longer 
than  the  Length  of'  a  Degree  near  the  Equator ;  and 
the  Radii  of  the  Parallels  inftead  of  being  Sines  in  a 
Circle,  will  be  Ordinates  to  the  leffer  Axe  of  an 
Ellipfe.  Confequently  the  true  Length  of  a  Degree 
on  my  Parallel,  will  fomewhat  differ  from  it’s  Length 
on  the  Suppofition  of  the  Earth’s  being  a  Sphere  ; 
but  this  Difference  is  fo  fmall,  that  in  all  nautical 
Cafes  it  may  fafely  be  negledted. 

S  E  C  T. 
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SECT.  IX. 

Of  Middle  Latitude  Sailing. 

I  TTTTHEN  two  Places  lie  both  on  the  fame 
W  Parallel ,  we  Ihewed, .  in  the  laft  Sedtion, 
how  from  the  Difference  ol  Longitude  given,  to 
find  the  Miles  of  Eafting  or  Welling  between  them, 
&  e  contra  ;  but  when  two  Places  lie  not  on  the 
fame  Parallel ,  then  their  Difference  ot  Longitude 
cannot  be  reduced  to  Miles  ol  Eafting  or  Welling 
on  the  Parallel  of  either  Place  •,  for  if  counted  on  the 
Parallel  of  that  Place  that  has  the  greateft  Latitude 
it  would  be  too  fmall,  and  if  on  the  Parallel  of  that 
Place  having  the  leaft  Latitude  it  would  be  too 
great.  Hence  the  common  Way  of  reducing  the 
Difference  of  Longitude  between  two  Places,  lying 
on  different  Parallels ,  to  Miles  of  Eafting  or  Well¬ 
ing,  y  e  contra ,  is  by  counting  it  on  the  middle  Pa¬ 
rallel  between  the  Places,  which  is  found  by  adding 
the  Latitudes  of  the  two  Places  together,  and  taking 
half  the  Sum,  which  will  be  the  Latitude  of  the 
middle  Parallel  required.  And  hence  arifes  the  So¬ 
lution  of  the  following  Cafes. 

CASE  i. 

Lhe  Latitudes  of  two  Places ,  and  their  Difference 
of  Longitude ,  given ,  to  find  the  dir  eft  Courfe  and  Di¬ 
fiance. 

Example. 


Required  the  dired  Courfe  and  Diftance  between 

the  Lizard  in  the  Latitude  of  50°3  QQ1  North,  a:  d 

P  2  Longv? 

'  s'-  ** 
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Longitude  of  50,  14!  Weft,  and  St  Vincent  in  the  La- 
tude  of  17°,  10'  N.  and  Longitude  of  24°,  20*  W. 

Fir  ft ,  To  the  Latitude  of  the  Lizard  -  50  °,  00 f  N. 


add  the  Latitude  of  St  Vincent  -  ^17,10 

The  Sum  is  -------  67  ,  10 

Half  the  Sum  or  Latitude  of )  .  XT 

the  middle  Parallel  is  -  $  “  “  33  ?  35 

Alfo  the  Difference  of  Latitude  is  -  32  ,  50 

equal  to  1970  Miles  of  Southing.  Again, 

From  the  Longitude  of  St  Vincent  -  240,  20 ;  W, 

take  the  Longitude  of  the  Lizard  -  05  ,  14 

there  remains  -  -  -  19,  06 


equal  to  1146  Men.  of  Diff.  of  Long.  Weft. 

Then  for  the  Miles  of  Wefting,  or  Departure,  it 
will  be,  by  Cafe  1 .  of  Parallel  Sailings 

As  Radius  -  -  -  10.00000 

is  to  the  Co-fine  of  the  lot  ^ 

middle  Parallel  -  5  33  35  ~  9-920% 

fo  is  Min.  Diff.  of  Long.  -  1146  -  4.  3.05918 
to  the  Miles  of  Wefting  -  954.7  -  2.97987 

And  for  the  Courfe  it  will  be,  by  Cafe  4.  of  Plain 

Sailing , 

As  the  Diff.  of  Lat.  -  -  *97°  ~  -  3.29447 

is  to  Radius  -  --  --  --  -  10.00000 

fo  is  the  Departure  -  -  954.7  -  -  2.97987 

to  the  Tang,  of  the  Courfe  2 50,  51'  -  -  9.68540 
which  becaufe  it  is  between  South  and  Weft  will  be 
be  S  S  W  4  Weft  nearly. 

For  the  Diftance  it  will  be,  by  the  fame  Cafe, 


As  Radius  -  -  -  --  --  --  j  0.00000 

is  to  the  Diff.  of  Lat.  -  1970  -  -  3.29447 


(  ' 
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(o  is  the  Secant  of  the  Courfe  250,  5 1 '  10.04579 

to  the  Diftance  -  -  -  -  2189  -  3.34026 

whence  the  direft  Courfe  and  Diftance  from  the 
Lizard  to  St  Vincent  isSSWiW,  2189  Miles. 


CASE  2. 

One  Latitude,  Courfe,  and  Diftance  failed  being  given, 

to  find  the  other  Latitude  and  Difference  of  Longitude. 

\ 

Example, 

Suppofe  a  Ship  in  the  Latitude  of  50°,  00 f  North, 
fails  South  50^,  06'  Weft  1 50  Miles.  Required  the 
Latitude  the  Ship  has  come  to,  and  how  much  fhe 
has  differed  her  Longitude. 

Fir  ft.  For  the  Difference  of  Latitude  it  will  be, 
by  Cafe  1.  of  Plain  Sailing , 

A  c  T?  a  rl  i  11  s  -  -  —  -  10.00000 

is  to  the  Diftance - 150  -  -  2.17609 

fo  is  the  Co-fine  of  the  Courfe  50^,  06 '  -  9.80716 
to  the  Diff.  of  Latitude  -  96.22  -  -  1.98325 

equal  to  one  i°,  3 6\  and  fince  the  Ship  is  failing 
towards  the  Equator.  Therelore, 

From  the  Latitude  fhe  was  in  -  "  50°>  °°f 

take  the  Diff.  of  Latitude  -  1  ?  3^ 

and  there  remains  -  -  -  -  -  ~  4$  >  24 


the  Latitude  fhe  has  come  to  North.  Confe- 
quently  the  Latitude  of  the  middle  Parallel 

will  be  490,  12k 


Then  for  Departure  or  Wefting  it  will  be,  by  the 
fame  Cafe , 


P  4 
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As  Radius  -  r  -  io.ooooq 

is  to  the  Diftance  -  -  -  150  -  -  2.17609 

fo  is  the  Sine  of  the  Courfe  50°,  o6f  -  9.88489 

to  the  Departure  -  -  -  115.1  -  2.06098 

and  for  the  Difference  of  Longitude  it  will  be,  by 
Cafe  2.  of  Plain  Sailing , 

AstheCo-fineof themiddleP^r^/490, 12 f  9.81519 
is  to  Radius  -  -  -  -  -  io.ooooq 

fo  is  the  Departure  -  -  115.1  -  2.06098 

to  the  min.  Diff.  of  Longitude  1 76. 1  -  2.24579 

equal  to  20,  56 which  is  the  Difference  of  Lon¬ 
gitude  the  Ship  has  made  Wefterly. 

CASE  3. 

Courfe  and  Difference  of  Latitude  given ,  to  find  the 
Diftance.  failed ,  and  Difference  of  Longitude . 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  530,  34'  North, 
fails  S  E  h  S,  till  by  Obfervation  file’s  found  to  be  in 
the  Latitude  of  510,  12',  and  confequently  has 
differed  her  Latitude  20,  221,  or  142  Miles.  Re¬ 
quired  the  Diftance  failed,  and  the  Difference  of 
Longitude. 

Fir  ft.  For  the  Departure,  it  will  be  (by  Cafe  2.  of 
Plain  Sailing ), 

As  Radius  ----  -  10.00000 

is  to  the  Diff.  of  Latitude  -  142  -  2.15229 

fo  is  the  Tang,  of  Courfe  -  330,  45'  -  9.82489 
to  the  Departure  -  -  -  94.88  -  1.97718 

And  for  the  Diftance  it  will  be,  by  the  fame  Cafe , 
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As  Radius  -  --  -  -  '  10.00000 

is  to  the  DifF.  of  Latitude  142  -  -  2.15229 

fo  is  the  Secant  of  the  Courfe  3  3  0 ,  45'  -  10.08015 
to  the  Diftance  -  170.8  -  -  2.23244 

Then,  fince  the  Latitude  failed  from  was  53 °,  34' 
North,  and  the  Latitude  come  to  510,  12'  North; 
therefore  the  middle  Parallel  will  be  520,  23',  and 
confequently  for  the  Difference  of  Longitude,  it 
will  be  (by  Cafe  2.  of  Parallel  Sailing). 

As  the  Co-fine  of  the  mid.  Parallel  520,  23*  9.78560 
is  to  the  Departure  -  -  -  -  94.88  1.97718 

fo  is  Radius  -------  p, 0.00000 

to  min.  of  Diff.  of  Longitude  -  155-5  2,1 9*5^ 

equal  to  2%  35',  the  Difference  of  Longitude 

Eaflerly, 


CAST  4. 

Difference  of  Latitude  and  Diftance  failed ,  given,  to 
find  the  Courfe  and  Difference  of  Longitude. 

I  :  •  ••  .  \ 


Example. 

Suppofe  a  Ship  in  the  Latitude  of  43°,  26'  North, 
fails  between  South  and  Eaft,  246  Miles,  and  then 
is  found  by  Obfervation  to  be  in  the  Latitude  of 
41  °,  o 6f  North.  Required  the  diredt  Courfe  and 
Difference  of  Longitude. 

Firft ,  For  the  Courfe  it  will  be,  by  Cafe  3.  of 
Plain  Sailing , 

As  the  Diftance  -  -  -  246  *  -  2.39094 

is  to  Radius  ?  -  *  r  *  -  -  1 0,00000 

lo 


; .  in* 

i,n  I 


V  i  iri 
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fo  is  the  Diff.  of  Latitude  -  140  -  -  2.14613 

to  the  Co-fine  of  the  Courfe  55°,  19^  -  9.75519 

which,  becaufe  the  Ship  fails  between  South  and 
Eaft,  will  be  South  55%  19/  Eaft,  or  SE£E 
nearly. 


Then  for  Departure  it  will  be,  by  the  fame  Cafe , 


As  Radius  -  -  -  -  -  - 
is  to  the  Dillance  -  -  246  -  - 
fo  is  the  Sine  of  the  Courfe  55 iff 
to  the  Departure  -  -  -  202.3 


10.00000 

2.39094 

9.91504 

2.30598 


Ldjlly ,  For  the  Difference  of  Longitude  it  will 

be,  by  Cafe  2.  of  Parallel  Sailing. 

As  the  Co-fme  of  the  mid.  Par.  420,  16*  -  9.86924 
is  to  the  Departure  -  -  -  202.3  "  2-3°59S 

fo  is  Radius  --------  j  0.00000 

to  min.  of  Diff.  of  Longitude  273.3  -  2.43674 

equal  to  40,  33^  the  Difference  of  Longitude 

Eafterly. 


CASE  5. 

Courfe  and  Departure  given ,  to  find  Difference  of 
Latitude ,  Difference  of  Longitude ,  and  Diftance 
failed. 

Example , 


Suppofe  a  Ship  in  the  Latitude  of  48°,  23'  North, 
fails  S  W£S,  till  fhe  has  made  of  Welling  1 23  Miles. 
Required  the  Latitude  come  to,  the  Difference  of 
Longitude,  and  the  Dillance  failed. 

Firfi->  For  the  Dillance  it  will  be,  by  Cafe  6.  of 

Plain  Sailing . 

'  -  As 
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As  the  Sine  of  the  Courfe  -  33  45 ;  -  9,74474 

is  to  the  Departure  -  -  123  -  -  2.08991 

fo  is  Radius  -  --  --  --  -  10.00000 

to  the  Diftance  -  -  -  -  221.4  -  2.34517 

And  for  the  Difference  of  Latitude  it  will  be,  by 
the  fame  Cafe , 

As  the  Tang,  of  Courfe  -  330,  45'  -  9.82489 

is  to  the  Departure  -  -  123  -  2.08991 

fo  is  Radius  -  --  --  --  -  10.00000 

to  the  Diff.  of  Latitude  -  184  -  2.26502 

equal  to  30,  04 and  fince  the  Ship  is  failing  to¬ 
wards  the  Equator,  the  Latitude  come  to  will  be 
450,  191  North;  and  confequently  the  middle 
Parallel  will  be  46°,  51'. 

Then  to  find  the  Difference  of  Longitude  it  will  be, 
by  Cafe  2.  of  Parallel  Sailings 

As  the  Co-fince  of  mid.  Par.  4 6°,  51 1  -  9.8350c* 

is  to  Departure  -  -  -  -  123  -  2.08991 

fo  is  Radius  -  --  --  --  -  10.00000 

to  min.  of  Diff.  of  Longit.  -  180  -  2.25491 

which  is  equal  to  30,  00',  the  Difference  of  Lon¬ 
gitude  Wefterly. 

/  . 

CASE  6. 

Difference  of  Latitude  and  Departure  given ,  to  find 
Courfe ,  Diftance ,  Difference  of  Longitude . 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  46°,  37 f  North, 
fails  between  South  and  Eaft,  till  fne  has  made  of 
Eafling  146  Miles,  and  is  then  found  by  Obfer- 

vation 
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vation  to  be  in  the  Latitude  of  43  24'  North. 

Required  the*  Courfe,  Diftance,  and  Difference  of 
Longitude. 

Firft ,  By  Cafe  4.  of  Plain  Sailings  it  will  be  for 
the  Courfe, 


As  the  Diff.  of  Latitude  -  193  -  -  2.28556 
is  to  Departure  -  -  146  -  -  2.16137 

fo  is  Radius  -  --  --  --  -  10.00000 


to  the  Tang,  of  the  Courfe  3 6°,  55'  -  9.87581 

which,  becaufe  the  Ship  is  failing  between  South 
and  Bail,  will  be  South  36°,  55'  Eaft,  or  SE£S 
4  Eaft  nearly. 

For  the  Diftance  it  will  be,  by  the  fame  Cafe , 

As  Radius  -  -  -  -  -  10.00000 

is  to  the  Diff.  of  Latitude  -  193  -  2.28556 

fo  is  the  Secant  of  the  Courfe  36°,  55 f  10.09718 
to  the  Diftance  -  -  -  -  241.4  -  2.38274 

Then  for  the  Difference  of  Longitude  it  will  be, 
by  Cafe  2.  of  Parallel  Sailings 

As  the  Co-fine  of  the  mid  .Par.  450,  oor  9.84949 


is  to  the  Departure  -  -  -  146  -  2.16137 

fo  is  Radius  -  -  -  -  -  -  -  -  10.00000 

to  min.  of  Diff.  of  Longitude  205  -  2.31188 


equal  to  3°,  25',  the  Difference  of  Longitude 
Eafterly. 

C  A  S  E  7, 

Diftance  and  Departure  given,  to  find  Difference  of 
Latitude ,  Courfe,  and  Difference  of  Longitude . 


Example, 
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Example. 

/ 

Suppofe  a  Ship  in  the  Latitude  of  330,  40'  North, 
fails  between  South  and  Bail  165  Miles,  and  has 
then  made  of  Eafling  112.5  Miles.  Required  the 
Difference  of  Latitude,  Courfe,  and  Difference  of 
Longitude. 

Firjl,  For  the  Courfe  it  will  be,  by  Cafe  5.  of 
Plain  Sailings 


As  the  Diflance  -  -  165'  -  -  2.2.1748 

is  to  Radius  -  --  --  --  -  10.00000 

fo  is  the  Departure  -  -  102.5  "  “  2*051 15 
to  the  Sine  of  the  Courfe  420,  59'  -  9-83367 


which,  becaufe  the  Ship  fails  between  South  and 
Eafl,  will  be  South  42 59 1  Eafl  or  SE^S, 
4  Eafl  nearly. 

And  for  the  Difference  of  Latitude  it  will  be,  by 
the  fame  Cafe , 


As  Radius  -  -  -  -  -  -  10.00000 

is  to  the  Diflance  -  -  -  165  -  -  2.21748 
fo  is  the  Co-fine  of  the  Courfe  42 °,  59 1  -  9.86436 
to  the  D iff.  of  Latitude  -  120.7  -  2.08184 


equal  to  20,  00^;  confequently  the  Latitude  come 
to  will  be  3 1  °,  40 *  North,  and  the  Latitude  of 
the  middle  Parallel  will  be  320,  40^.  Hence  to 
find  the  Difference  of  Longitude  it  will  be,  by 
Cafe  2.  of  Parallel  Sailings 

As  the  Co-fine  of  the  mid.  Par.  320,  40*  9.92522 

is  to  the  Departure  -  -  -  112.5  -  2.05115 

~  ~  ~  '  fo 

v  ■  ^  l-  •  *  ,  •  -v,V‘ 

9 

*  '  1  r  #  X 

4 

'  V  * 
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fo  is  Radius  -  --  --  --  -  io.ooooq 

to  min.  of  Diff.  of  Long.  -  1 33*^  “  2-I2593 


equal  to  2°,  I31  nearly,  the  Difference  of  Longi¬ 
tude  Eafterly. 

CASE  8. 

Difference  of  Longitude  and  Departure  given,  to  find 
Difference  of  Latitude,  Courfe,  and  Difiance  failed. 

s'  -  '  *  *  .  .  ’  ,  '  .  '  - 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  50°,  46  ^  North, 
fails  between  South  and  Weft,  till  her  Difference  of 
Longitude  is  30,  it.1,  and  is  then  found  to  have 
departed  from  her  former  Meridian  126  Miles; 
Required  the  Difference  of  Latitude,  Courfe,  and 
Diftance  failed. 

Firft,  For  the  Latitude  fhe  has  come  to  it  will  be, 
by  Cafe  3.  of  Parallel  Sailings 


As  Min.  of  Diff.  of  Long.  -  192  -  -  2.28330 

is  to  Departure  -  -  -  126  -  -  2.10037 

fo  is  Radius  -  --  --  --  -  10.00000 


to  the  Co-fine  of  the  mid.  Par.  48°,  59'  9.81707 

Now  fince  the  middle  Latitude  is  equal  to  half 
the  Sum  of  the  two  Latitudes  (by  Art.  1.  of  this  Sett.) 
and  fo  the  Sum  of  the  two  Latitudes  equal  to  double 
the  middle  Latitude  *,  it  follows  that  if  from  double 
the  middle  Latitude  we  fubtradt  any  one  of  the  La¬ 
titudes,  the  Remainder  will  be  the  other.  Hence 
from  twice  48°,  59',  viz.  970,  58 1  taking  50°,  46' 
the  Latitude  failed  from,  there  remains  47  °,  12  ^ 
the  Latitude  come  to,  Confequently  the  Difference 
of  Latitude  is  30,  34',  or  214  Minutes. 


Then 
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Then  for  the  Courfe  it  will  be,  by  Cafe  4.  of  Plain 

Sailing , 

As  Diff.  of  Lat.  -  -  -  214  ~  -  2.33041 

is  to  Radius  -  --  --  --  -  10.00000 

fo  is  the  Departure  -  -  126  -  -  -  2.10037 

to  the  Tang,  of  the  Courfe  30°,  29  ^  -  9.76996 

which,  becaufe  it  is  between  South  and  Weft,  will 
be  South  30°,  29'  Weft,  .or  SS  W  -i  Weft  nearly. 


And  for  the  Diftance  it  will  be,  by  the  fame  Cafe, 


As  Radius . 

is  to  the  Diff.  of  Lat.  -  -  214  - 

fo  is  the  Secant  of  the  Courfe  30°,  29' 

to  the  Diftance  -  -  -  -  248.4 

•  •  f  \  , . 


10.00000 

2.33041 
10.0646 1 
2.39502 


2.  From  what  has  been  faid,  it  will  be  eafy  to 
folve  a  Traverfe,  by  the  Rules  of  Middle  Latitude 
Sailing .  „ 


Example . 

1  - 

Suppofe  a  Ship  in  the  Latitude  of  43 °,  25'  North, 
fails  upon  the  following  Courfes,  viz.  SW^S  63 
Miles,  SSW  4  Weft  45  Miles,  SbE  54  Miles,  and 
S  W  b  W  74  Miles.  Required  the  Latitude  the  Ship 
has  come  to,  and  how  far  fhe  has  differed  her  Lon¬ 
gitude. 

^  v 

Firft ,  By  Cafe  2.  of  this  Sett,  find  the  Difference 
of  Latitude,  and  Difference  of  Longitude  belonging 
to  each  Courfe  and  Diftance,  and  they  will  ftand  as 
in  the  following  Table. 


Courfes 


- 


224- 


Middle  "Latitude  Sailing. 


Courfes  Difances 

Diff.  of  Lat. 

N 

s 

SWbS  -  -  63 

— 

52.4 

S  S  W  i  W  -  4; 

397 

S  b  E  -  -  -  54 

53-° 

SWbW  -  -  74 

41. 1 

Dff.  of  Longit . 


1375 


Diff.  o/Lat.  186.2 


W 


47.8; 

28.62 


8 1.08 

1 57-5  5 
!375 


Diff.  of  Long.  143.80 


Hence  it  is  plain  the  Ship  has  differed  her  Latitude 
186.2  Minutes,  or  30,  06',  and  fo  has  come  to  the 
Latitude  of  40°,  19'  North,  and  has  made  of  Diffe¬ 
rence  of  Longitude  143*8  Minutes,  or  20,  23^  48^ 
Wefterly. 

3.  This  Method  of  failing,  tho’  it  be  not  ftridtly 
true,  yet  it  comes  very  near  the  Truth,  as  will  be  evi¬ 
dent,  by  comparing  an  Example  wrought  by  this 
Method,  with  the  fame  wrought  by  the  Method  de¬ 
livered  in  the  next  Section,  which  is  ftridtly  true  *,  and- 
it  ferves  without  any  conliderable  Error,  in  Runnings 
of  450  Miles  between  the  Equator  and  Parallel  of  30 
Degrees ;  of  300  Miles  between  that  and  the  Parallel 
of  60  Degrees  •,  and  of  1 50  Miles,  as  far  as  there  is 
any  Occafion,  and  confequently  muff  be  fufficiently 
exa6t  for  24  Hours  Run. 


SECT.  X. 

Of  Mercator's  Sailing. 


1.  fTT^H  O’  the  Meridians  do  all  meet  at  the  Pole , 
X  and  the  Parallels  to  the  Equator  do  con¬ 
tinually  decreafe,  and  that  in  Proportion  to  the  Co- 
fmes  of  their  Latitudes  *,  yet  in  old  Sea  Charts  the 

Meridians 


1 


— 


— 


— - 
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Meridians  were  drawn  parallel  to  one  another,  and 
confequently  the  Parallels  of  Latitude  made  equal 
to  the  Equator ,  and  fo  a  Degree  of  Longitude  on 
any  Parallel ,  as  large  as  a  Degree  on  the  Equator ; 
alfo  in  thefe  Charts  the  Degrees  of  Latitude  were 
ftill  reprefented  (as  they  are  in  themfelves)  equal  to 
each  other  and  to  thole  of  the  Equator.  By  thefe 
means  the  Degrees  of  Longitude  being  increafed  be¬ 
yond  their  juft  Proportion,  and  the  more  fo  the 
nearer  they  approach  the  Pole  *  the  Degrees  of  La¬ 
titude  at  the  fame  time  remaining  the  fame,  *tis  evi¬ 
dent  Places  muft  be  very  erroneoudy  marked  down 
upon  thefe  Charts,  with  refped  to  their  Latitude  and 
Longitude,  and  confequently  their  bearing  from  one 
another  very  falfe. 

2.  To  remedy  this  Inconvenience,  fo  as  ftill  to 
keep  the  Meridians  parallel,  ’tis  plain  we  muft  pro- 
trad,  or  lengthen,  the  Degrees  of  Latitude  in  the 
fame  Proportion  as  thofe  of  Longitude  are,  that  fo 
the  Proportion  in  Eafting  and  V/ efting ',  may  be  the 
fame  with  that  of  Southing  and  Northings  and  confe¬ 
quently  the  Bearings  of  Places  from  one  another,  be 
the  fame  upon  the  Chart  as  upon  the  Globe  itfelf. 

3.  In  the  annexed  Scheme  let  AB  D  be  a  Quadrant 
of  a  Meridian, ,  A  the  Pole ,  D  a  Point  on  the  Equator , 
A  C  half  the  Axis ,  B  any  Point  upon  the  Meridian , 


from  which  draw  B  F  perpendi¬ 
cular  to  A  C,  and  B  G  perpen-  a 
dicular  to  CD;  then  B G  will  be 
the  Sine,  and  B  F  or  C  G  the  Co-  F 
line  of  B  D  the  Latitude  of  the 
Point  B :  Draw  D  £  the  Tangent 
and  CE  Secant  of  the  Arch  B  D. 

It  has  been  demonftrated 
Sett.  VIII.  that  any  Arch  of  a  Pa¬ 


rallel,  is  to  the  like  Arch  of  the  Equator ,  as  the  Co-fine 
of  the  Latitude  of  that  Parallel  is  to  Radius ;  thus  any 
Arch  as  a  Minute  on  the  Parallel  defcribed  by  the 

Point 


/ 
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Point  B,  will  be  to  a  Minute  on  the  Equator ,  as  B  F 
or  CG  is  to  CD-,  but  fmce  the  Triangles  CGB,  CDE 
are  fimilar,  therefore  (by  Art.  73.  Sett.  I.)  CG  will  be 
to  C  D  as  C  B  is  to  C  E,  /.  e.  the  Co-fine  of  any 
Parallel  is  to  Radius ,  as  Radius  is  to  the  Secant  of 
the  Latitude  of  that  Parallel  >  but  it  has  been  juft 
now  fhown  that  the  Co-fine  of  any  Parallel  is  to 
Radius ,  as  the  Length  of  any  Arch  as  a  Minute  on 
that  Parallel ,  is  to  the  Length  of  the  like  Arch  on 
the  Equator:  Therefore  the  Length  of  any  Arch  as  a 
Minute  on  any  Parallel ,  is  to  the  Length  of  the  like 
Arch  on  the  Equator ,  as  Radius  is  to  the  Secant  of  the 
Latitude  of  that  Parallel ;  and  fo  the  Length  of  any 
Arch,  as  a  Minute  on  the  Equator ,  is  longer  than  the 
like  Arch  of  any  Parallel  in  the  fame  Proportion,  as 
the  Secant  of  the  Latitude  of  that  Parallel  is  to  Radius, 

But  fince  in  this  Projection  the  Meridians  are  paral¬ 
lel,  and  confequently  each  Parallel  of  Latitude  equal 
to  the  Equator ,  ’tis  plain  the  Length  of  any  Arch,  as  a 
Minute  on  any  Parallel ,  is  increafed  beyond  it’s  juft 
Proportion,  at  fuch  Rate  as  the  Secant  of  the  Lati- 
•  tude  of  that  Parallel  is  greater  than  Radius  \  and  there¬ 
fore  to  keep  up  the  Proportion  of  Northing  and  South¬ 
ings  to  that  of  Eafting  and  Wefting^  upon  this  Chart, 
as  it  is  upon  the  Globe  itfelf,  the  Length  of  a  Minute 
upon  the  Meridian  at  any  Parallels  muft  alfo  be  in¬ 
creafed  beyond  it’s  juft  Proportion  at  the  fame  rate, 
i.  e.  as  the  Secant  of  the  Latitude  of  that  Parallel  is 
greater  than  Radius.  Thus  to  find  the  Length  of  a  1 
Minute  upon  the  Meridian  at  the  Latitude  of  75  De¬ 
grees,  fince  a  Minute  of  a  Meridian  is  every  where 
equal  on  the  Globe,  and  alfo  equal  to  a  Minute  upon 
the  Equators  let  it  be  reprefented  by  Unity  ;  then 
making  it  as  Radius  is  to  the  Secant  of  75  Degrees, 
fo  is  Unity  to  a  fourth  Number,  which  is  3.864 
nearly,  and  confequently  by  whatever  Line  you  re- 
prefent  one  Minute  on  the  Equator  of  this  Chart,  the 
Length  of  one  Minute  on  the  enlarged  Meridian  at 

the 
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the  Latitude  of  7  5  Degrees,  or  the  Diftance  between 
the  Parallel  of  750,  oo',  and  the  Parallel  of  750,  01 
will  be  equal  to  3  of  thefe  Lines,  and  — 5 wo  of  one  of 
them.  By  making  the  fame  Proportion  it  will  be 
found,  that  the  Length  of  a  Minute  on  the  Meridian 
of  this  Chart  at  the  Parallel  of  6o°,  or  the  Diftance 
between  the  Parallel  of  60  oo\  and  that  of  60  °,  oL 
is  equal  to  2  of  thefe  Lines.  After  the  fame  manner, 
the  Length  of  a  Minute  on  the  enlarged  MLeridian^ 
may  be  found  at  any  Latitude ;  and  confequently  be¬ 
ginning  at  the  Equator ,  and  computing  the  Length 
of  every  intermediate  Minute,  between  that  and  any 
Parallel ,  the  Sum  of  all  thefe  ftiall  be  the  Length  of 
a  Meridian  intercepted  between  the  Equator  and  that 
Parallel ;  and  the  Diftance  of  each  Degree  and  Minute 
of  Latitude,  from  the  Equator  upon  the  Meridian  of 
this  Chart,  computed  in  Minutes  of  the  Equator^ 
forms  what  is  commonly  called  a  Table  of  Meri¬ 
dional  Parts. 

If  the  Arch  B  D  reprefent  the  Latitude  of  any 
Point  B,  then  (C  D  being  Radius)  C  E  will  be  the 
Secant  of  that  Latitude  j  but  it  has  been  fhown  above, 
that  Radius  is  to  the  Secant  of  any  Latitude,  as  the 
Length  of  a  Minute  upon  the  Equator ,  is  to  the 
*  Length  of  a  Minute  on  the  Meridian  of  this  Chait  at 
that  Latitude  *,  therefore  C  D  is  to  CE,  as  the  Length 
.of  a  Minute  on  the  Equator  is  to  the  Length  of  a 
Minute  upon  the  Meridian ,  at  the  Latitude  of  the 
Point  B.  Confequently  if  the  Radius  C  D  be  taken 
equal  to  the  Length  of  a  Minute  upon  the  Equator , 
C  E,  or  the  Secant  of  the  Latitude,  will  be  equal  to 
the  Length  of  a  Minute  upon  the  Meridian  at  that 
Latitude!  Therefore,  in  general,  if  the  Length  of  a 
Minute  upon  the  Equator  be  made  Radius ,  the  Length 
of  a  Minute  upon  the  enlarged  Meridian  will  be  every 
where  equal  to  the  Secant  of  the  Arch  contained  be¬ 
tween  it  and  the  Equator . 
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Cor.  i.  Hence  it  follows,  fince  the  Length  of  every 
intermediate  Minute  between  the  Equator  and  any 
Parallel ,  is  equal  to  the  Secant  of  the  Latitude  (the 
Radius  being  equal  to  a  Minute  upon  the  Equator) 
the  Sum  of  all  thefe  Lengths,  or  the  Diftance  of  that 
Parallel  on  the  enlarged  Meridian  from  the  Equator , 
will  be  equal  to  the  Sum  of  all  the  Secants,  to  every 
Minute  contained  between  it  and  the  Equator. 

2.  Confequently  the  Diftance  between  any  two 
Parallels  on  the  fame  Side  of  the  Equator ,  is  equal  to 
the  Difference  of  the  Sums  of  all  the  Secants  contain¬ 
ed  between  the  Equator  and  each  Parallel ,  and  the 
Diftance  between  any  two  Parallels  on  contrary  Sides 
of  the  Equator ,  is  equal  to  the  Sum  of  the  Sums  of 
all  the  Secants  contained  between  the  Equator  and 
each  Parallel. 


4.  There  is  annexed  to  the  End  of  this  Sedlion ,  a 
Table  of  Meridional  Parts,  for  every  Degree  and 
Minute  of  Latitude,  in  which  you  may  obferve  that 
the  top  Column  contains  the  Degrees,  and  the  left 
hand  fide  Column  the  Minutes,  the  other  Columns 
contain  the  Meridional  Parts  anfwering  to  each  De¬ 
gree  and  Minute,  or  the  Diftance  of  each  Degree 
and  Minute  of  Latitude  in  this  Chart  from  the  Equa- 
tor ,  counted  in  Minutes  of  the  Equator.  Thus  tor 
the  Latitude  of  63°,  20 I  look  in  the  top  Column 
for  63°,  and  in  the  left  hand  fide  Column  for  20', 
and  in  the  Column  under  63°  and  on  the  fame  Line 
with  20k  1  find  the  Number  4949.3,  which  is  the 
Meridional  Parts  for  the  Parallel  of  63°,  20k  or  it 
fhows  that  the  Part  of  the  enlarged  Meridian,  which 
is  intercepted  between  the  Equator  and  the  Parallel  of 
63°,  20 k  contains  4949.3  Minutes  of  the  Equator , 
whereas  upon  the  Globe  it  contains  only  3800.  In 
this  Table  you  may  likewife  obferve,  that  the  Meri¬ 
dional  Parts  are  computed  only  to  one  Place  of  Deci¬ 
mals,  which  is  fufficiently  exadl  for  all  common  Pur- 

P°fes-  '  5.  By 
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5,  By  thefe  Tables  may  be  conftrudted  the  nauti¬ 
cal  Chart,  commonly  called  Mercator's  Chart.  Thus 
for  Example,  let  it  be  required  to  make  a  Chart  that 
lhall  commence  at  the  Equator ,  and  reach  to  the  Pa¬ 
rallel  of  60  Degrees,  and  lhall  contain  80  Degrees  of 
Longitude. 

Draw  the  Line  E  Qjreprefenting  the  Equator ;  (fee 
Plate  1 .)  then  take  from  any  convenient  Line  of  equal 
Parts,  4800  (the  Number  of  Minutes  contained  in  80 
Degrees)  which  fet  off  from  E  to  Q^,  and  this  will 
determine  the  Breadth  ol  the  Chart. 

Divide  the  Line  E  QJnto  eight  equal  Parts,  in  the 
Points  10,  20,  30,  &V.  each  containing  10  Degrees, 
and  each  of  thefe  divided  into  10  equal  Parts  will  give 
the  fingle  Degrees  upon  the  Equator  •,  then  thro’  the 
Points °E,  10,  20,  &c.  drawing  Lines  perpendicular 
to  E  Qj  thefe  lhall  be  Meridians. 

From  the  Scale  of  equal  Parts  take  45  27.4  (the  Me¬ 
ridional  Parts  anfwering  to  60  Degrees)  and  fet  that 
off  from  E  to  A  and  from  Q^to  B,  and  join  AB  ; 
then  this  Line  will  reprefent  the  Parallel  of  60,  and 
will  determine  the  Length  of  the  Chart. 

Again,  from  the  Scale  of  equal  Parts  take  603.1, 
.(the  Meridional  Parts  anfwering  to  1  o  Degrees)  and 
fet  that  off  from  E  to  10  on  the  Line  E  A,  and  thro’ 
the  Point  10  draw  io,  10,  parallel  to  E  Qp,  and  this 
will  be  the  Parallel  of  io  Degrees.  Tne  fame  Way 
fetting  off  from  E  on  the  Line  E  A ,  the  Meridional 
Parts  anfwering  to  each  Degree,  &c.  of  Latitude, 
and  thro’  the  feveral  Points  drawing  Lines  parallel 
to  EQ^,  we  lhall  have  the  feveral  Parallels  of  La¬ 
titude. 

If  the  Chart  does  not  commence  from  the  Equator , 
but  is  only  to  ferve-  for  a  certain  Diftance  on  the  Me¬ 
ridian  between  two  given  Parallels  on  the  fame  Side 

I  of  the  Equator ;  then  the  Meridians  are  to  be  diawn 
as  in  the  laft  Example,  and  for  the  Parallels  of  Lati¬ 
tude  you  are  to  proceed  thus ;  viz,  from  the  Meri- 
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dional  Parts  anfwering  to  each  Point  of  Latitude  in 
•your  Chart,  fubtradf  the  Meridional  Parts  anfwering 
to  the  leaft  Latitude,  and  fet  off  the  Differences 
feverally,  from  the  Parallel  of  leaft  Latitude,  upon 
the  two  extrearn  Meridians ,  and  the  Lines  joining 
thefe  Points  of  the  Meridians  fhall  reprefent  the  feve- 
ral  Parallels  upon  your  Chart. 

Thus  let  it  be  required  to  draw  a  Chart  that  fhall 
ferve  from  the  Latitude  of  20  Degrees  North,  to  60 
Degrees  North,  and  that  fhall  contain  80  Degrees  of 
Longitude. 

Having  drawn  the  Line  D  C  to  reprefent  the  Paral¬ 
lel  of  20  Degrees  (fee  Plate  1.)  and  the  Meridians  to 
it,  as  in  the  foregoing  Example  *,  fet  off  663.3  (the 
Difference  between  the  Meridional  Parts  anfwering  to 
30  Degrees,  and  thofe  of  20  Degrees)  from  D  to  30, 
and  from  C  to  30  *,  then  join  the  Points  30  and  30 
with  a  right  Line,  and  that  fhall  be  the  Parallel  of  30. 
Alfo  fet  off  1397.6  (the  Difference  between  the  Me¬ 
ridional  Parts  anfwering  to  40  Degrees,  and  thofe  of 
2G  Degrees)  from  D  to  40,  and  from  C  to  40,  and 
joining  the  Points  ao  and  40  with  a  right  Line,  that 
fhall  be  the  Parallel  of  40.  And  proceeding  after 
the  fame  Way,  we  may  draw  as  many  of  the  inter¬ 
mediate  Parallels  as  we  have  Occafion  for. 

But  if  the  two  Parallels  of  Latitude  that  bound  the 
Chart,  are  on  the  contrary  Sides  of  the  Equator ;  then 
draw  a  Line  reprefenting  the  Equator  and  Meridians 
to  it,  as  in  the  firft  Example  •,  and  from  the  Equator 
fet  off  on  each  Side  of  it  the  feveral  Parallels  contain¬ 
ed  between  it  and  the  given  Parallels  as  above,  and 
your  Chart  is  finifhed. 

If  Mercator* s  Chart,  conftrudled  as  above,  hath  it’s 
Equator  extended  on  each  Side  of  the  Point  E  180 
Degrees,  and  if  the  feveral  Places  on  the  Surface  of 
the  Earth,  be  there  laid  down  according  to  their  La¬ 
titudes  and  Longitudes,  we  fhall  have  what  is  com¬ 
monly  called  Mercator* s  Map  of  the  Earth.  This 
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Map  is  not  to  be  confidered  as  a  fimular  and  juft  Re- 
prefentation  of  the  Earth’s  Surface,  for  in  it  the  Fi¬ 
gures  of  Countries  are  diftorted,  efpecially  near  the 
Poles ;  but  fince  the  Degrees  of  Latitude  are  every 
where  increafed  in  the  fame  Proportion  as  thofe  of 
Longitude  are,  the  Bearings  between  the  Places  will 
be  the  fame  in  this  Chart  as  on  the  Globe,  and  the 
Proportions  between  the  Latitudes,  Longitudes,  and 
nautical  Diftances,  will  alfo  be  the  fame  on  this  Chart, 
as  on  the  Globe  itfelf  *  by  which  means  the  feveral 
Cafes  of  Navigation  are  folved  alter  a  molt  eafy  man¬ 
ner,  and  adapted  to  the  meaneft  Capacities. 

N.  B.  Here  you  muft  take  notice  •,  that  in  all  Charts, 
the  upper  Part  is  the  North  Side,  and  the  lower  Part 
or  Bottom  is  the  South  Side  ;  alfo  that  Part  ol  it  to¬ 
wards  the  right  Hand  is  the  Eaft,  and  that  towards 
the  left  Hand  the  Wefi  Side  of  the  Chart. 

6.  Since  according  to  this  Projection,  the  Meridians 
are  parallel  right  Lines ;  ’tis  plain,  that  the  Rumbs 
which  form  always  equal  Angles  with  the  Meridians , 
will  be  ftreight  Lines ;  which  Property  renders  this 
Projection  of  the  Earth’s  Surface  much  more  eafy 
and  proper  for  Ule,  than  any  other. 

7.  This  Method  of  projecting  the  Earth’s  Surface 
upon  a  Plain,  was  firft  invented  by  Mr  EdwardJV right  * 
but  firft  publilhed  by  Mercator  •,  and  hence  the  tail¬ 
ing  by  the  Chart,  was  called  Mercator* s  failing. 

8.  In  the  annexed  Scheme,  let  A  and  E  reprefent 
two  Places  upon  Mercator* s  Chart ,  A  C  the  Meridian 
of  A,  and  CE  the  Parallel  ol  Latitude  paffing  thro’ 
E  •,  draw  A  E,  and  fet  off  upon  A  C  the  Length  A  B 
equal  to  the  Number  of  Minutes  contained  in  the 
Difference  of  Latitude  between  the  two  Places,  and 
taken  from  the  fame  Scale  of  equal  Parts  the  Chart 
was  made  by;  or  from  the  Equator ,  or  any  graduated 
Parallel  of  the  Chart,  and  thro’  B,  draw  B  D  parallel 
to  C  E  meeting  A  E  in  D.  Then  A  C  will  be  the  en¬ 
forced  Difference  of  Latitude ,  A  B  the  proper  Difference 

0.4  °f 
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of  Latitude ,  C  E  the  Difference  of  Longitude ,  B  D  the 
Departure ,  A  E  the  enlarged  Diftance ,  and  A  D  the 


proper  Diftance ,  between  the  two  Places  A  and  E  j 
alfo  the  Angle  BAD  will  be  the  Courfe,  and  A  E  the 
Rumb  Line  between  them. 

9.  Now  fince  in  the  Triangle  A  C  E,  B  D  is  pa¬ 
rallel  to  one  ol  it’s  Sides  C  E  ;  ’tis  plain  the  Trian¬ 
gles  A  L  E,  A  B  D  will  be  limilar,  and  confequently 
the^ Sides  proportional  (by  Art.  73.  Sett.  I.).  Hence 
anies  the  Solutions  ol  the  feveral  Cafes  in  this  failing, 
which  are  as  follow. 

* 

CASE  1* 

'r 

Ihe  Latitudes  of  two  Places,  given ,  to  find  the  meri¬ 
dional  or  hilar ged  Difference  of  Latitude,  between  them. 

Of  this  Cafe  there  are  three  Varieties,  viz.  either 
one  of  the  Places  lies  on  the  Equator,  or  both  on  the 
it  i  or  laffcly  on  different  Sides. 

if  If 
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1 .  If  one  of  the  propofed  Places  lies  on  the  Equator , 
then  the  meridional  Difference  of  Latitude,  is  the 
fame  with  the  Latitude  of  the  other  Place,  taken  from 
the  Table  of  meridional  Parts, 

Example. 

Required  the  meridional  Difference  of  Latitude  be¬ 
tween  St  Thomas?  lying  on  the  Equator  and  St  Antonio 
in  the  Latitude  of  1 70,  20'  North.  I  look  in  the 
following  Table  for  the  meridional  Parts  anfwering 
to  1 70,  20^5  and  find  it  to  be  1056.2,  the  inlarged 
Difference  of  Latitude  required. 

2.  If  the  two  propofed  Places  be  on  the  fame  Side 
of  the  Equator ,  then  the  meridional  Difference  of 
Latitude  is  found  by  fubtrading  the  meridional 
Parts  anfwering  to  the  leafl  Latitude  from  thofe 
anfwering  to  the  greateft,  and  the  Difference  is  that 
required. 

Example. 

Required  the  meridional  Difference  of  Latitude 
between  the  Lizard  in  the  Latitude  of  50°,  00 f 
North,  and  Antegoa,  in  the  Latitude  of  170,  30' 
North. 

From  the  meridional  Parts  of  -  50 °,  00^  -  3474.5 
fubtrad:  the  meridional  Parts  of  170,  30'  -  10 66. y 

there  remains  -  --  --  --  -  2407.8 

the  meridional  Difference  of  Latitude  required. 

3.  If  the  Places  lie  on  different  Sides  of  th t  Equator , 
then  the  meridional  Difference  of  Latitude  is  round 
by  adding  together  the  meridional  Parts  anfwering 

to  each  Latitude,  and  the  Sum  is  that  required. 

Example. 


-  • 
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Example, 

Required  the  meridional  Difference  of  Latitude 
between  Antegoa ,  in  the  Latitude  of  1 7  30 '  North, 
and  Lima ,  in  Peru ,  in  the  Latitude  of  120,  30' 
South, 

To  the  merid.  Parts  anfweringto  170,  30'  -  1066.7 
add  thefe  anfwering  to  -  -  120,  30'  -  756. 1 

the  Sum  is  -  --  --  --  --  1822.8 

the  meridional  Difference  of  Latitude  required. 

CASE  2. 

<The  Latitudes  and  Longitudes  of  two  Places  given , 
to  find  the  dire  A  Courfe  and  Difiance  between  them . 


Example . 

Required  to  find  the  diredt  Courfe  and  Diftance  be¬ 
tween  the  Lizard ,  in  the  Latitude  of  50 00 1  North, 
and  Port -Royal  in  Jamaica ,  in  the  Latitude  of  1 7  0 , 40 1 ; 
differing  in  Longitude  70°,  46^  Port-Royal  lying  fo 
far  to  the  Weftward  of  the  Lizard . 

*  '  r- 

Preparation . 

From  the  Latitude  of  the  Lizard  -  -  50°,  00' 

fubtradt  the  Latitude  of  Port-Royal  -  1 7  ,  40 

and  there  remains  -  --  --  -  32,  20 

equal  to  1940  Minutes,  the  proper  Difference  of 
Latitude, 


Then 
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Then  from  the  meridional  Parts  of  50°,  00'  3474.5 
fubtradt  thofe  of  -  -  -  -  17  ,  40  1077.2 

and  there  remains .  2397.3 

the  meridional  or  inlarged  Difference  of  Longitude. 

9 

Geometrically .  / 

Draw  the  Line  A  C  reprefenting  the  Meridian  of 
the  Lizard  at  A,  and  fet  off  from  A,  upon  that  Line, 
AE  equal  to  1940  (from  any  Scale  of  equal  Parts) 
the  proper  Difference  of  Latitude,  alfo  A  C  equal  to 


A 


2397.3  (from  the  fame  Scale)  the  meridional  or  in¬ 
larged  Difference  of  Latitude.  Upon  the  Point  C 
raife  C  B  perpendicular  to  A  C,  and  make  C  B  equal 
to  4246  the  Minutes  of  Difference  of  Longitude. 

Join  AB,  and  thro’  E  draw  ED  parallel  to  BC ; 
fo  the  Cafe  is  conftrudled,  and  A  D  applied  to  the 
fame  Scale  of  equal  Parts  the  other  Legs  were  taken 
from,  will  give  the  direct  Diftance*  and  the  Angle 
DAE  meafured  by  the  Line  of  Chords  will  give  the 
Courfe. 
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By  Calculation. 

For  the  Angle  of  the  Courfe  EAD,  It  will  be,  by 

Cafe  4.  of  Rectangular  t rigonometry , 

AC:CB::R:T,  BAC,  i.  e. 

As  the  meridional  Diff.  of  Lat.  2397.3  -  3-37970 
is  to  the  Difference  of  Long.  -  4246.0  -  3-62798 
fo  is  Radius  -------  10.00000 

to  the  Tang,  of  the  diredt  Courfe  6o°,  33^  10.34828 

which,  becaufe  Port-Royal  is  Southward  of  the  Li¬ 
zard,  and  the  Difference  of  Longitude  Wefterly, 
will  be  South  6o°,  33/  Weft,  or  S  W£  W  ~  Weft 
nearly. 

Then  for  the  Diftance  A  D,  it  will  be,  by  Cafe  2. 

of  Rectangular  trigonometry , 

R  :  A  E  :  :  Sec.  A  :  AD,  i .  e. 

As  the  Radius  -  -  10.00000 

is  to  the  proper  Diff.  of  Lat.  1940  -  3.28780 

fo  is  the  Secant  of  the  Courfe  60 33  ^  10.30833 

•  to  the  Diftance  -  -  3945-6  -  3.596 13 

confequently  the  diredt  Courfe  and  Diftance  between 
the  Lizard ,  and  Port-Royal  in  Jamaica ,  is  South 
6o°,  33',  3945-6  Miles. 

/CASE  3. 

Courfe  and  Diftance  failed  given ,  to  find  Difference 
of  Latitude  and  Difference  of  Longitude . 


Example. 
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Example. 

Suppofe  a  Ship  from  the  Lizard  in  the  Latitude 


of  50°,  oor  North,  fails  South  35 °,  40 r  Weft  156 
Miles.  Required  the  Latitude  come  to,  and  how 
much  Ihe  has  altered  her  Longitude. 


Geometrically. 


1 .  Draw  the  Line  B  K  reprefenting  the  Meridian 
of  the  Lizard  at  B  ;  from  B  draw  the  Line  B  M, 
making  with  B  K  an  Angle  equal  to  350,  40^,  and 


B 


1 


K 


.D 


upon  this  Line  fet  off  B  M  equal  to  156  the  given 
Diftance,  and  from  M  let  fall  the  Perpendicular  M  K 
upon  B  K. 

Then  for  B  K  the  proper  Difference  of  Latitude,  it 
will  be,  by  Cafe  3.  of  Rett  angular  Trigonometry , 

R  :  M  B  : :  S,  BMK:BK, 

i.  e.  As  Radius  -------  10.00000 

is  to  the  Diftance  -  -  156  -  -  -  2.19312 


fo 
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io  is  the  Co-fine  of  the  Courfe  350,  40'  9-9°978 

to  the  proper  Difference  of  Lat.  127  -  2,10290 

equal  to  20,  07' ;  and  fince  the  Ship  is  failing  from  a 
North  Latitude  towards  the  South,  therefore  the  La¬ 
titude  come  to  will  be  470,  53 ' North.  Hencc  the 
meridional  Difference  of  Latitude  will  be  193.4. 

2  Produce  B  K  to  D,  till  3  D  be  equal  10193.4; 
thro’  D  draw  D  L  parallel  to  M  K,  meeting  D  M 
produced  in  L ;  then  D  L  will  be  the  Difference  of 
Longitude :  to  find  which  by  Calculation,  it  will  be, 
by  Cafe  1.  of  Reft  angular  trigonometry. 

R  :  B  D  : :  T,  L  B  D  :  D  L, 


f  (*  .A.S  Radius  —  —  —  —  _  —  io»ooooo 

is  to  the  meridional  Diff.  of  Lat.  i93'4  ■  2.28646 

fo  is  the  Tangent  of  the  Courfe  350,  40'  9.85594 
to  Minutes  of  Diff.  of  Long.  -  138.8  -  2.14240 

equal  to  20,  18',  48"  the  Difference  of  Longitude 
the  Ship  has  made  Wefterly. 

CASE  4. 

Given,  Courfe  and  both  Latitudes ,  viz.  the  Latitude 
failed  from,  and  the  Latitude  come  to,  to  find  the  Di- 
Jlance  failed  and  the  Difference  of  Longitude. 

Example. 

Suppofe  a  Ship  in  the  Latitude  of  540,  20'  North, 
fails  South  330,  45'  Eaft,  until  by  Obfervation  ihe’s 
found  to  be  in  the  Latitude  of  51 u,  45f  North.  Re¬ 
quired  the  Diftance  failed,  and  the  Difference  of  Lon¬ 
gitude. 


Geometrically. 
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Geometrically. 

Draw  A  B,  to  reprefent  the  Meridian  of  the  Ship  in 
the  firft  Latitude,  and  fet  off  from  A  to  B  155,  the 
Minutes  of  the  proper  Diffe- 
rence  of  Latitude,  alfo  A  G  e- 
qual  to  257.9  t^ie  Minutes  of 
the  inlarged  Difference  of  La¬ 
titude.  Thro’  B  and  G,  draw 
the  Lines  BC  and  GK  perpen¬ 
dicular  to  AG;  alfo  draw  AK 
making  with  AG  an  Angle 
°f  3  3  0 , 45 1  which  will  meet  the 
two  former  Lines  in  the  Points  d 
C  and  K  *,  fo  the  Cafe  is  con-  _ 
ftfu&ed,  and  A  C  and  GK  (j 

may  be  found  from  the  Line  of  equal  Parts,  to  find 
which 


By  Calculation . 

Firft ,  For  the  Difference  of  Longitude  it  will  be, 
by  Cafe  1.  of  Rectangular  ‘Trigonometry , 

R  :  AG  : :  T,  GAK:  GK, 

i.  e.  As  Radius . 10.00000 

is  to  the  inlarged  Diff.  of  Lat.  -  257.9  -  2 -4 1145 
fo  is  the  Tang,  of  the  Courfe  330,  45'  -  9.8248a 
to  Min.  of  Diff  of  Longitude  -  172.3  -  2.23634 

equal  to  20,  52^  i8lr,  the  Difference  of  Longi¬ 
tude  the  Ship  has  made  Eafterly. 

This  might  alfo  have  been  found,  by  firft  finding 
the  Departure  BC  (by  Cafe  2.  of  Plain  Sailing)  and 
then  (by  Art.  74.  Self.  I.)  it  would  be 


AB 
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A  B  :  B  C  : :  AG  :  G  K.  The  Difference  of  Lon¬ 
gitude  required. 

Then  for  the  diredt  Diftance  A  C,  it  will  be,  by 
Cafe  2.  of  Rea  angular  Trigonometry , 

R  :  A  B  : :  Sec.  A  :  A  C, 

/  •  ' 

i,  e.  As  Radius  ------  -  10.00000 

is  to  the  proper  Diff.  of  Lat.  -  155  -  2* 1 9° 33 

fo  is  the  Secant  of  the Courfe  -  33°,4 5;  10.08015 
to  the  diredt  Diftance  -  -  186.4  -  2.27048 

confequently  the  Ship  has  failed  South  33  °,  45 7  Eaft, 
186.4  Miles,  and  has  differed  her  Longitude 

20,  52',  18 11  Eafterly. 


CASE  5. 

i 

»  /  '  ,  • 

Both  Latitudes,  and  Diftance  failed,  given,  to  find  the 
area  Courfe,  and  Difference  of  Longitude. 


.  /  Example. 

Suppofe  a  Ship  from  the  Latitude  of  45  2  6  f 

North,  fails  between  North  and  Eaft  195  Miles,  and 
then  by  Obfervation  fhe’s  found  to  be  in  the  Latitu  e 
of  48 6f  North.  Required  the  diredf  Courfe  and 

Difference  of  Longitude. 


\  1  f  . 

Geometrically • 


% 


24r 


Mercator’s  Sailing. 


Geometrically . 

«  i 

Draw  A  B  equal  to  1 60  the  proper  Difference  of 
Latitude,  and  form  the  Point  B  raife  the  Perpendi¬ 
cular  B  D ;  then  take  1 9  5  in 
your  Compaffes  and  fetting  C 
one  Foot  of  them  in  A,  with 
the  other  crofs  the  Line  B  D  B 
in  D.  Produce  A  B  till  A  C 
be  equal  to  233.6  the  inlar- 
ged  Difference  of  Latitude. 

Thro’  C  draw  CK  parallel 
to  B  D,  meeting  A  D  pro¬ 
duced  in  K  j  fo  the  Cafe  is 
conftru&ed,  and  the  Angle 
A  may  be  meafured  by  the 

Line  of  Chords,  and  CK  by  the  Lirle  of  equal  Parts0 
To  find  which 

By  Calculation . 

1 

1 

Firft ,  For  the  Angle  of  the  Courfe  B  A  D  it  will 
be,  (by  Cafe  5.  of  Reft  angular  Trigonometry ) 

A  B  :  R  :  :  A  D  :  Sec.  A.  i .  e. 


As  the  proper  Diff.  of  Lat.  -160  -  -  2.20412 

is  to  Radius  -  --  --  --  -  10.00000 

fo  is  the  Diftance  -  -  -  195  -  -  2.29003 

to  the  Secant  of  the  Courfe  340,  52'  -  10.08591 


which,  becaufe  the  Ship  is  failing  between  North 
andEaft,  will  beNorth  340,  52 1  Eafl  or  NE£N 
1°,  y1  Eafterly* 

Then  for  the  Difference  of  Longitude  it  will  be, 
(by  Cafe  1 .  of  Reftangular  Trigonometry ) 

R 


R: 
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R  :  A  C  :  :  T,  A  :  C  K. 

i.  e.  As  Radius  ------  10.00000 

is  to  the  Iherid.  DifF.  of  Lat.  233.6  -  2.36847 

fo  is  the  Tang,  of  the  Courfe  340,  52'  -  9.B4307 
to  Min.  of  DifF.  of  Longitude  162.8  -  2.21154 

equal  to  2°,  42',  48^,  the  Difference  of  Longitude 
Eafterlv. 

CASE  6. 

One  Latitude ,  Courfe ,  and  Difference  of  Longitude „ 
given i  to  find  the  other  Latitude ,  Dijiance  failed . 

Example. 

Suppofe  a  Ship  from  the  Latitude  of  48°,  50' 
North,  fails  South  34  °,  40'  Weft,  till  her  Difference 
of  Longitude  is  2  °,  44'.  Required  the  Latitude  come 
to,  and  the  Diftance  failed. 

Geometrically. 

\ .  Draw  A  E  to  reprefent  the  Meridian  of  the  Ship 
in  the  fir  ft  Latitude,  and  make  the  Angle  E  A  C 

equal  to  340,  40  the  Angle 
of  the  Courfe  then  draw 
F  C  parallel  to  A  E,  at  the 
Diftance  of  j  64  the  Minutes 
of  Difference  of  Longitude, 
which  will  meet  A  C  in  the 
Point  C.  From  C  let  fall 
upon  AE  the  Perpendicular 
C  E  ;  then  A  E  will  be  the 
inlarged  Difference  of  Lati¬ 
tude.  To  find  which,  by 
Calculation  it  will  be,  by 


Cafe  1 .  of  Re  dl  angular  trigonometry , 


Tj 
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T,  A  :  R  : :  C  E  :  A  E, 


i.  e.  As  theTang.  of  the  Courfe  340,  40^  9.83984 
is  to  the  Radius  -  -  -  *  -  10.00000 

fo  is  Min.  of  Diff.  Longitude  -  164  -  2.21484 

to  the  inlarged  Diff.  of  Latitude  237.2  2.37500 

and  becaufe  the  Ship  is  failing  from  a  North  Lati¬ 
tude  Southerly.  Therefore, 


From  the  merid.  Parts  of?  o0  .  cc 
the  Latititude  failed  from)  ^  5  ^  *9 

take  the  merid.  Difference  of  Latitude  -  237.2 


and  there  remains  -------  3129.7 

the  meridional  Parts  of  the  Latitude  come  to,  viz, 
46°,  09'. 


Hence  for  the  proper  Difference  of  Latitude, 

From  the  Latitude  Liled  from  -  48°,  50^  N 
take  the  Latitude  come  to  -  -  46  ,  09  N 

and  there  remains  -  -  -  -  2,41 

equal  to  161,  the  Minutes  of  Difference  of  Lati¬ 
tude. 


2.  Set  off  upon  A  E  the  Length  A  D  equal  to  1 6 1 
the  proper  Difference  of  Latitude,  and  thro’  D  draw 
D  B  parallel  to  C  E  ;  then  A  B  will  be  the  dired  Di- 
fiance.  To  find  which,  by  Calculation  it  will  be,  by 
Cafe  2.  of  Re 51  angular  Trigonometry , 

R  :  A  D  : :  Sec.  A  :  A  B. 


i.  e.  As  Radius  -------  10.00000 

is  to  the  proper  Diff.  of  Latitude  161  -  2.20683 
fo  is  the  Secant  of  the Courle  -  34°,  40 '  10.08488 
to  the  dired  Diflance  -  -  195.8  -  2.291  yi 

R  2  CASE 


a 
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CASE  7. 

One  Latitude ,  Courfe,  and  Departure,  given,  to  find 
the  other  Latitude ,  Diftunce  failed ,  Difference  of 

Longitude . 

Example. 

Suppofe  a  Ship  fails  from  the  Latitude  of  540,  36* 
North,  South  42°,  33'  Eaft,  until  Ihe  has  made  of 
Departure  1 1 6  Miles.  Required  the  Latitude  Ihe  is 
in,  her  dired  Diftance  failed,  and  how  much  fhe  has 
altered  her  Longitude. 

Geometrically . 

1.  Having  drawn  the  Meridian  AB,  make  the 
Angle  BAD  equal  to  42  0 ,  3  3 Draw  F  D  parallel 


c 

to  A  B  at  the  Diftance  of  1 1 6,  which  will  meet  A  D 
in  D.  Let  fall  upon  A  B  the  Perpendicular  D  B. 

Then  A  B  will  be  the  proper  Difference  of  Latitude, 

and 
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and  A  D  the  direft  Diflance,  to  find  which,  by  Cal¬ 
culation  ;  firft,  for  the  Diftance  A  D  it  will  be,  by 
Cafe  2.  of  Rectangular  Trigonometry , 

S,  A  :  B  D  : :  R  :  A  D. 

t 

L  e.  As  the  Sine  of  theCourfe  420,  33'  9.83010 

is  to  the  Departure  -  -  -  1 1 6  2.06446 

fo  is  Radius  -  . 10.00000 

to  the  direct  Diftance  -  -  171.5  ~  2.23436 

1 

Then  for  the  proper  Difference  of  Latitude  it  will 
be,  by  Cafe  1 .  of  Rectangular  T rigonometryy 

T,  A  :  B  D  : :  R  :  A  B. 

i.  e.  As  the  Tang,  of  theCourfe  420,  33 f  9.9628 1 


is  to  the  Departure  -  -  -  -  116  -  2.06446 

fo  is  Radius  - . -  10.00000 


to  the  proper  Difference  of  Latitude  1 2  6.4  2 . 1  o  1 65 

equal  to  20,  6f,  confequently  the  Ship  has  come  to 
the  Latitude  of  520,  30'  North,  and  fo  the  meri¬ 
dional  Difference  of  Latitude  will  be  212.2. 

2.  Produce  AB  to  E,  till  A  E  be  equal  to  212.2; 
and  thro’  E  draw  E  C  parallel  to  B  D,  meeting  A  D 
produced  in  C ;  Then  E  C  will  be  the  Difference  of 
Longitude,  to  find  which,  by  Calculation  it  will  be,  by 
Cafe  1 .  of  Rectangular  Trigonometry , 

R  :  A  E  :  :  T,  A  :  E  C. 

i.  e.  As  Radius  -  -  -  -  -  10.00000 

is  to  the  merid.  Diff,  of  Latitude  212.2  -  2.32675 
fo  is  the  Tang,  of  the  Courfe  -  42 °,  33 /  9.96281 
to  the  Min.  of  Diff.  of  Longitude  194.8  -  2.28956 

equal  to  30,  14',  48 ;/,  the  Difference  of  Longi¬ 
tude  Eafterly. 

r  3 


This 
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This  might  have  been  found  otherwife  ;  thus*  be- 
caufe  the  Triangles  AC  E,  A  D B  are  fimilar,  there¬ 
fore  (by  Art  73.  Sett.  I.)  it  will  be. 


AB:BD::AE:EC. 


t.e  As  the  proper  D iff.  of  Latitude  126.4  2.10165 
is  to  the  Departure  -  -  -  -  116  -  2.06446 

lb  is  the  inlarged  Diff.  of  Latitude  212.2  ,2.32 675 


to  Min.  Diff.  of  Longitude  -  -  194-8  2.28956 

CASE  8. 


Both  Latitudes  and  Departure  given ,  to  find  Courfe , 
Difiance ,  and  Difference  of  Longitude. 


Example. 


Suppofe  a  Ship  from  the  Latitude  of  46^,  20 1  N. 
fails  between  South  and  Weft,  till  (he  has  made  of 
Departure  126.4  Miles;  and  is  then  found  by  Obr 
fervation  to  be  in  the  Latitude  of  430,  35'  North. 
Required  the  Courfe  and  Diftance  failed,  and  Diffe¬ 
rence  of  Longitude. 


Geometrically. 


Draw  A  K  to  reprefent  the  Meridian  of  the^Ship  in 


'•  on  it  A  C,  equal  to  165,  the 
proper  Difference  of  Latitude. 
Draw  B  C  perpendicular  to 
A  C,  equal  to  126.4  the  De¬ 
parture,  and  join  A  B.  .  Set 
p  off  from  A,  A  K  equal  to 
^  233.3,  the  inlarged  Difference 

of  Latitude,  ana  thro’  K  draw 


K  R  D  parallel  to  B  C,  meeting 


0 
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D  K  will  be  the  Difference  of  Longitude,  A  B  the 
Diftance,  and  the  Angle  A  the  Courfc  ;  to  find  ' 
which 

<  • 

By  Calculation. 

Firft,  For  D  K  the  Difference  of  Longitude,  it  will 
be,  (by  Art.  73.  Sett.  I.) 

AC  :  CB  :  :  AK  :  KD. 

i.e.  As  the  proper  Diff.  of  Latitude  165  -  2.21748 
is  to  the  Departure  -  -  -  -  126.4  2.10175 

fo  is  the  inlarged  Diff.  of  Latitude  233.3  2.36791 
to  Min.  of  Diff.  of  Longitude  -  178.7  2.25218 

equal  to  20,  58 42  ",  the  Difference  of  Longitude 
Wefterly. 

Then  for  the  Courfe  it  will  be,  (by  Cafe  4.  of  Rectan¬ 
gular  Trigonometry,) 

A  C  :  B  C  :  :  R  :  T,  A. 

i.e.  As  the  proper  Diff.  of  Latitude  165  -  2.21748 
is  to  Departure  -----  126.4  2.10175 

fo  is  Radius  --------  10.00000 

to  the  T angent  of  the  Courfe  3  7  0 ,  27'  9.88427 

which,  becaufe  the  Ship  fails  between  South  and  Weft, 
will  be  South  370,  27 1  Weft,  or  SW bS  6y,  30^ 
Wefterly. 

Laftly ,  For  the  Diftance  AB,  it  will  be,  (by  Cafe  2. 
of  Rectangular  Trigonometry ,) 


S,  A  :  B  C  :  :  R  :  A  B. 
R  4 


t.  e» 
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i.  e.  As  the  Sine  of  the  Courfe  370,  27'  -  9.78395 
is  to  the  Departure  -  -  -  126.4  -  2.10175 

fo  is  Radius  -  --  --  --  -  10.00000 

to  the  direct  Diflance  -  -  207.9  "  2.31780 

«  1 

C  A  S  E  9. 

One  Latitude ,  Difiance  failed ,  and  Departure ,  giveny 
to  find  the  other  Latitude ,  Difference  of  Longitude ,  and 
Courfe . 

Example. 

% 

Suppofe  a  Ship  in  the  Latitude  of  48°,  33^  North, 
fails  between  South  and  Eafl  138  Miles,  and  has 
then  made  of  Departure  1 12.6.  Required  the  Lati¬ 
tude  come  to,  the  diredt  Courfe,  and  Difference  of 
Longitude. 


Geometrically. 


1 .  Draw  B  D  for  the  Meridian  of  the  Ship  at  B,  and 
13  -gp  parallel  to  it  draw  F  E, 

at  the  Diflance  of  112.6, 
the  Departure.  Take 
138,  the  Diflance,  in 
your  Compares,  and  fix¬ 
ing  one  Point  of  them  in 
B,  with  the  other  crofs 
the  Line  FE  in  the  Point 
E ;  then  join  B  and  E, 
and  from  E  let  fall  upon  B  D  the  Perpendicular  E  D ; 
fo  B  D  will  be  the  proper  Difference  of  Latitude,  and 
the  Angle  B,  will  be  the  Courfe  5  to  find  which,  by 
Calculation , 


Firft ,  For  the  Courfe  it  will  be,  (by  Cafe  5.  of 
Rectangular  trigonometry ,) 

B  E  :  R  :  :  D  E  :  S,  B. 

i.  e.  As  the  Diftance  -  -  -  138  -  2.13983 

is  to  Radius  -  --  --  --  -  10.00000 

fo  is  the  Departure  -  -  -  112.6  -  2.05154 

to  the  Sine  of  the  Courfe  -  540,  41  ^  -  9.91166 

which,  becaufe  the  Ship  fails  between  South  and 
Eaft,  will  be  South  54°,  4 1 ;  Eaft,  or  S  E  90,  4 1  f 
Eafterly. 

Then  for  the  Difference  of  Latitude  it  will  be,  (by 
Cafe  3.  of  Rectangular  trigonometry ,) 

R  :  B  E  :  :  Co-S,  B  :  B  D. 

i.  e.  As  Radius  -  -  -  -  10.00000 

is  to  the  Diftance  -  -  -  138  -  -  2.13988 

fo  is  the  Co-fine  of  the  Courfe  54 °,  41'  9.76200 
to  the  Difference  of  Latitude  79.8  -  -  1.90188 

equal  to  i°,  19^.  Confequently  the  Ship  has  come 
to  the  Latitude  of  47 °,  13K  Hence  the  meri¬ 
dional  Difference  of  Latitude  will  be  117*7. 

2.  Produce  B  to  A,  till  B  A  be  equal  to  1 1 7.7,  and 
thro’  A  draw  AC  parallel  to  DE,  meeting  BE  pro¬ 
duced  in  C  *  then  A  C  will  be  the  Difference  of  Lon¬ 
gitude,  to  find  which,  by  Calculation  it  will  be,  (by 
Art.  73.  SeCt .  I.) 

B  D  :  D  E  : :  B  A  :  A  C. 

j  i  • 

i.e.  As  the  proper  Diff.  of  Latitude  79.8  -  1.9018S 
is  to  the  Departure  -  -  -  -  112.6  2.05154 

fo  is  the  inlarged  Diff.  of  Latitude  117*7  2.07078 

to 


,  » 

l*V 


;  1 

.  J 


’» .  ,, >,K ' 

, 

! 

1 


I 
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to  the  Diff.  of  Longitude  -  166.1  -  2.22044 

equal  to  2°,  46^  06^,  the  Difference  of  Longitude 

Eafterly. 

9.  From  what  has  been  faid,  it  will  be  eafy  to 
folve  a  L raverfe  according  to  the  Rules  of  Mercator's 

Sailing . 

Example. 

Suppofe  a  Ship  at  xhtLizard  in  the  Latitude  50  0 , 00 r 
North,  is  bound  to  the  Madera ,  in  the  Latitude  of 
32  °,  20 f  North,  the  Difference  of  Longitude  between 
them,  being  1 1  °,  40'  the  Weft  End  of  the  Madera , 
lying  fo  much  to  the  Weflward  of  the  Lizard ,  and 
confequently  the  diredb  Courfe  and  Diilance  (by  Cafe  2. 
of  this  Sett.)  is  South  26°,  15'  Weft  1181.9  Miles  ; 
but  by  reafon  of  the  Winds  fhe  is  forced  to  fail  on  the 
following  Courfes  (Allowance  being  made  for  Lee-way 
and  Variation,  &c.)  viz.  SSW  44  Miles,  S £ W  ~ 
Weft  36  Miles,  SW^S  56  Miles,  and  S£E  28  Miles. 
Required  the  Latitude  the  Ship  is  in,  her  Bearing  and 
Diftance  from  the  Lizard ,  and  her  diredt  Courfe  and 
Diftance  from  the  Madera^  at  the  End  of  thefe  Courfes. 

w 

The  Geometrical Conftruttion  of  xtiv^Lraverfe,  is  per¬ 
formed  by  laying  down  the  two  Ports  according  to 
Conftru£lion  of  Cafe  2.  of  this  Sett,  and  the  feveral 
Courfes  and  Diftances  according  to  Cafe  3.  by  which 
we  have  the  following  Solution  by  Calculation. 


1.  Courfe  SSW,  Diftance  44  Miles. 
For  Difference  of  Latitude. 

1  - 


As  Radius  -  - 

is  to  the  Diftanee 


10.00000 

1-64345 

fo 


44 
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fo  is  the  Co-fine  of  the  Courfe  220,  30'  9.96562 

to  the  Difference  of  Latitude  -  40.65  -  1.60907 

and  fince  the  Courfe  is  Southerly,  therefore  the  Lati¬ 
tude  come  to  will  be  49 20 1  North,  and  confequent- 
ly  the  meridional  Difference  of  Latitude  will  be  61.8. 
Then 

For  Difference  of  Longitude. 

As  Radius  -  ----  -  -  10.00000 

is  to  the  inlarged  Diff.  of  Lat.  61.8  -  I-79°99 

fo  is  the  Tang,  of  the  Courfe  220,  30^  -  9.61722 
to  Min.  of  Diff.  of  Longitude  25.6  -  1.40821 

2.  Courfe  Sb  W  4-  Weft,  Diftance  36  Miles. 
For  Difference  of  Latitude. 


As  Radius  -  --  --  --  --  10.00000 

is  to  the  Diftance  36  “  I-55^3° 

fo  is  the  Co-fine  of  the  Courfe  160,  52^  -  9.98090 
to  the  Difference  of  Latitude  34*46  -  J*5372° 

and  fince  the  Courfe  is  Southerly,  therefore  the  La- 
tude  come  to,  will  be  48°,  45 Hence  the  meii- 
dional  Difference  of  Latitude  will  be  53.4*  Then, 


For  Difference  of  Longitude. 


As  Radius  -  --  --  --  -- 

is  to  the  inlarged  Diff.  of  Lat.  53.4 
fo  is  the  Tang,  of  the  Courfe  160,  52^ 
to  the  Difference  of  Longitude  16.19 


10. 00000 

i-72754 

9.48171 


1.20925 


3.  Courfe  SW£S,  Diftance  56  Miles. 
For  Difference  of  Latitude. 


As 


r 
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As  Radius  -  --  --  --  --  10.00000 

is  to  the  Diftance  -  -  -  56  -  -  1.74819 

fo  is  the  Co-fine  of  the  Courfe  33°,  45'  -  9-91985 
to  the  Difference  of  Latitude  46.56  -  1.66804 


confequently  the  Latitude  come  to  is  470,  59',  and 
therefore  the  inlarged  Difference  of  Latitude  will 
be  69.2,  Then 

For  Difference  of  Longitude. 


As  Radius  -  -  - . 10.00000 

is  to  the  inlarged  Diff.  of  Lat.  69.2  -  1.84011 


fo  is  the  Tang,  of  the  Courfe  330,  45'  9.82489 

to  the  Difference  of  Longitude  46.24  -  1.66500 

* 

4.  Courfe  S£E,  Diftance  28  Miles. 

For  Difference  of  Latitude. 

As  Radius  -  -  .  -  10.00000 

is  to  the  Diftance  -  -  -  -  28  -  1.44716 

fo  is  the  Co-fine  of  the  Courfe  1 1 Q,  15'  9-99 1 57 

to  the  Difference  of  Latitude  27.46  -  1.43873 

confequently  the  Latitude  come  to  will  be  47  °,  3 1 f 
and  hence  the  meridional  Difference  of  Latitude 
will  be  43.2.  Then 

For  Difference  of  Longitude. 


As  Radius  -  --  --  --  --  io.qoooo 

is  to  the  inlarged  Diff.  of  Lat.  43.2  -  1.63548 

fo  is  the  Tang  of  the  Courfe  ii°,  15!  9.29866 
to  the  Diff.  of  Longitude  —  8.59  -  0.93414 


Now  thefe  feveral  Courfes  and  Diftances,  together 
with  the  Difference  of  Latitude  and  Longitude  belong¬ 
ing  to  each  of  them,  being  fet  down  in  their  proper 
Columns  in  the  ‘Traverfe  Table  ^  will  ftand  as  follow. 

Courfes 
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Courfes  Di fiances 

Diff.  of  Lat.  1  Diff.  of  Lon  git. 

N 

S 

E 

W 

S  S  W  -  -  44 

S  b  W  |  W  -  36 
SW£S  -  -  56 

S  £  E  -  -  -  28 

40.65 

34.46 
46.56 

27.46 

25.6 

16.19 

46.24 

8.59 

Diff.  of  Lat . 

1 49 • 1 3 

8.59 

88.03 

8.59 

Diff.  of  Long.  79.44 


Hence  it  is  plain  that  the  Ship  has  made  of  South¬ 
ing  149.13  Minutes,  and  consequently  has  come  to 
the  Latitude  of  470,  31 1  North,  and  fo  the  meridi¬ 
onal  Difference  of  Latitude  between  that  and  her  firft 
Latitude  will  be  226.1  ;  and  fince  fhe  has  made  of 
Difference  of  Longitude  79.44  Minutes  Wefterly ; 
therefore  for  the  diredt  Courfe  and  Diftance  between 
the  Lizard  and  the  Ship  it  will  be,  (by  Cafe  2.  of  this 
Section) 

For  the  diredt  Courfe. 

As  the  merid.  Diff.  of  Latitude  226.1  -  2.35430 

is  to  Radius . 10.00000 

fo  is  the  Difference  of  Longitude  79.44  -  1.90004 
to  the  Tang,  of  the  Courfe  -  19°,  22'  9.54593 

which,  becaufe  the  Difference  of  Latitude  is  Souther¬ 
ly,  and  the  Difference  of  Longitude  Wefterly,  will 
be  South  190,  221  Weft,  orS£W  8°,  f  Wefterly. 
Then 

For  the  diredt  Diftance. 


As  Radius  -  -  -  -  -  -  -  -  10.00000 

is  to  the  proper  Diff.  of  Lat.  149.13  “  2,1 73 49 

fo  is  the  Secant  of  the  Courfe  190,  22;  -  10.02530 

to  the  diredt  Diftance  -  -  158  *  -  2.19879 

From 
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From  the  Latitude  the  Ship  is  in 
fubtradt  the  Lat.  of  the  Madera 


47°,  3i'N 
32  ,  20  N 


and  there  remains 


15 


1 1 


equal  to  9 1 1  Minutes,  the  proper  Difference  of 
Latitude  between  the  Ship  and  the  Madera. 


Again,  from  the  merid.  Parts  anfwer-  ) 
ing  to  the  Latitude  the  Ship  is  in  J 
Take  the  meridional  Parts  anfwering  } 
to  the  Latitude  of  the  Madera  -  3 


-  3248.4 

-  2052.0 


and  there  remains  -------  1196.4 

the  inlarged  Difference  of  Latitude  between  the  Ship 

and  the  Madera. 


Alfo,  from  the  Diff.  of  Long,  be- 7  ^ 

between  the  Liz.  and  the  Madera  J  9 
Take  the  Difference  of  Long,  be-  1  4.4.  w 

tween  the  Lizard  and  the  Ship  -  3  9  ^  100 

and  there  remains  -  -  10  ,  2o~4-W 

equal  to  620.56  Min.  of  Difference  of  Longitude 
between  the  Ship  and  the  Madera  Wefterly. 


Then  for  the  diredt  Courfe  and  Diffance  between  the 
Ship  and  the  Medera ,  it  will  be 


For  the  diredt  Courfe. 


As  the  merid.  Diff.  of  Latitude  1196.4  -  3.07788 
is  to  Radius  --------  10.00000 

fo  is  the  Difference  of  Longitude  620.56  -  2.79278 
to. the  Tang,  of  the  Courfe  -  27°,  25/  -  9.71 493 

For  the  direct  Diffance. 

As  Radius  -  --  --  --  --  10.00000 

is  to  the  proper  Diff.  of  Latitude  91 1  -  2.95952 

fo 
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fo  is  the  Secant  of  the  Courfe  27°,  25*  -  10.05174 
to  the  dired  Diftance  -  -  1027  -  3.01126 

10.  It  is  very  common  in  working  a  Day’s  Rec¬ 
koning  at  Sea,  to  find  the  Difference  of  Latitude  and 
Departure  to  each  Courfe  and  Diftance,  and  adding 
all  the  Departures  together,  and  all  the  Differences  of 
Latitudes  for  the  whole  Departure  and  Difference  of 
Latitude  made  good  that  Day ;  from  thence  (by  Cafe 
8.  of  this  Seffion)  to  find  the  Difference  of  Longitude, 
&c.  made  good  that  Day.  Now  that  this  Method 
is  falfe,  will  evidently  appear,  if  we  confider  that  the 
fame  Departure  reckoned  on  two  different  Parallels 
will  give  unequal  Differences  of  Longitude  *,  and  con- 
fequently,  when  feveral  Departures  are  compounded 
together  and  reckoned  on  the  fame  Parallel,  the  Dif¬ 
ference  of  Longitude  refulting  from  that,  cannot  be 
the  fame  with  the  Sum  of  the  Differences  of  Longi¬ 
tude  refulting  from  the  feveral  Departures  on  different 
Parallels ;  and  therefore,  I  have  chofen  in  the  laft  Ex¬ 
ample  of  a  Lraverfe ,  to  find  the  Difference  of  Longi¬ 
tude  anfwering  to  each  particular  Courfe  and  Diftance, 
the  Sum  of  which  muff  be  the  true  Difference  of  Lon¬ 
gitude  made  good  by  the  Ship  on  thefe  feveral  Courfes 
and  Diftances. 

11.  We  fhewed  at  Art.  5.  of  this  Section ,  how  to 
conftrud  a  Mercator's  Chart ,  and  now  we  fhall  pro¬ 
ceed  to  it’s  feveral  Ufes  j  contained  in  the  following 
Problems . 

Prob.  1 .  Let  it  be  required  to  lay  down  a  Place 
upon  the  Chart ,  it’s  Latitude,  and  the  Difference  of 
Longitude  between  it,  and  fome  known  Place  upon 
the  Chart  being  given. 

Example.  Let  the  known  Place  be  the  Lizard ,  ly¬ 
ing  on  the  Parallel  of  50°,  00 r  North,  and  the  Place 
to  be  laid  down  St  Katherines ,  on  the  Eaft  Coaft  of 
America ,  differing  in  Longitude  from  the  Lizard 
42  36',  lying  fo  much  to  the  Weft  ward  of  it. 

f  Let 
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Let  L  reprefent  the  Lizard  on  the  Charts  (fee 
Plate  i .)  lying  on  the  Parallel  of  50  00  f  North,  it  s 

Meridian  A  E.  Set  off  from  E  upon  the  Equator 
EQ420,  36',  towards  Q_,  which  will  reach  from 
E  to  F.  Thro’  F  draw  the  Meridian  F  G,  and  this 
will  be  the  Meridian  of  St  Catherines  \  then  let  off 
from  Q^to  H  upon  the  graduated  Meridian  QJB, 
28  Degrees  *,  and  thro’  FI  draw  the  Parallel  of  Lati¬ 
tude  H  M,  which  will  meet  the  former  Meridian  in 
K,  the  Place  upon  the  Chart  required. 

Prob.  2.  Given  two  Places  upon  the  Charts  to 
find  their  Difference  of  Latitude  and  Difference  of 

Longitude.  .  , 

Thro’  the  two  Places  draw  Parallels  of  Latitude  ; 

then  the  Diftance  between  thefe  Parallels  numbered  in 
Degrees  and  Minutes  upon  the  graduated  IVleridian, 
wih  be  the  Difference  of  Latitude  required-,  and  thro’ 
the  two  Places  drawing  Meridians,  the  Diftance  be¬ 
tween  thefe  counted  in  Degrees  and  Minutes  on  the 
Equator,  or  any  graduated  Parallel,  will  be  the  Dif¬ 
ference  of  Longitude  required. 

Prob .  3.  To  find  the  Bearing  of  one  Place  from 

another  upon  the  Chart.  ^  . 

Example.  Required  the  Bearing  of  St  Katherines 

at  K,  (fee  Plate  1.)  from  the  Lizard  at  L. 

Draw  the  Meridian  of  the  Lizard  AE,  and  join 
K  and  L  with  the  right  Line  KL,  then  by  the  Line 
of  Chords  meafuring  the  Angle  K  L  E,  and  with 
that  entering  the  Table  at  Page  156,  we  fhall  have. 

the  Thing  required.  . 

This  may  alfo  be  done,  by  having  Compafies 
drawn  on  the  Chart  (fuppofe  at  two  of  it  s  Corners) 
then  lay  the  Edge  of  a  Ruler  over  the  two  Places 
and  let  fall  a  Perpendicular,  or  take  the  neareft 
Diftance,  from  the  Center  of  the  Compafs  next  the 
firft  Place,  to  the  Ruler’s  Edge  ;  then  with  this  Di¬ 
ftance  in  your  Compafies,  hide  them  along  by  t  e 

Ruler’s  Edge,  keeping  one  Foot  of  them  dole  to 

the 
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the  Ruler*  and  the  other  as  near  as  you  can  judge 
perpendicular  to  it,  which  will  defcribe  the  Rumb 
required. 

Prob.  4.  To  find  the  Diftance  between  two  given 
Places  upon  the  Chart. 

This  Problem  admits  of  four  Cafes,  according  to  the 
Situation  of  the  two  Places,  with  refpetf:  to  one  an¬ 
other. 

Cafe  1.  When  the  given  Places  lie  both  upon  the 
Equator. 

In  this  Cafe  their  Diftance  is  found  by  converting 
the  Degrees  of  Difference  of  Longitude  intercepted 
between  them  into  Minutes. 

Cafe  2.  When  the  two  Places  lie  both  on  the  fame 

Meridian. 

Draw  the  Parallels  of  thole  Places,  and  the  Degrees 
upon  the  graduated  Meridian,  intercepted  between 
thofe  Parallels,  reduced  to  Minutes,  give  the  Diftance 
required. 

Cafe  3.  When  the  two  Places  lie  on  the  fame  Pa¬ 
rallel. 

Example.  Required  to  find  the  Diftance  between 
the  Points  K  and  N,  (fee  Plate  1 .)  both  lying  on  the 
Parallel  of  28°,  00 '  North.  Take  from  year  Scale 
the  Chord  of  6o°,  or  Radius  in  your  Compafles,  and 
with  that  Extent  on  KN  as  a  Bafe,  make  the  Ifofceles 
Triangle  KPN*  then  take  from  the  Line  of  Sines 
the  Co-fine  of  the  Latitude,  or  Sine  of  62°,  and  fet 
that  off  from  P  to  S  and  T.  Join  S  and  T  with  tne 
right  Line  S  T,  and  that  applied  to  the  graduated 
Equator  will  give  the  Degrees  and  Minutes  upon  it 
equal  to  the  Diftance  *  which,  converted  into  Mi¬ 
nutes,  will  be  the  Diftance  required. 

The  Reafon  of  this  is  evident  from  Sett.  VIII.  for 
it  has  been  there  demonftrated,  that  Radius  is  to  the 
Co-fine  of  any  Parallel,  as  the  Length  of  any  Arch 
on  the  Equator,  to  the  Length  of  the  fame  Arch  on 
that  Parallel :  Now  in  this  Chart  KN  is  the  Diftance 

S  of 
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of  the  Meridians  of  the  two  Places  K  and  N  upon 
the  Equator,  and  fince  in  the  Triangle  P N  K,  ST 
is  parallel  to  K  N,  therefore  PN  :PT  ::NK:TS. 
Confequently  T  S  will  be  the  Diftance  of  the  two 
Places  K  and  N  upon  the  Parallel  of  28°. 

If  the  Parallel  the  two  Places  lie  on,  be  not  far  from 
the  Equator,  and  they  not  far  afunder  *,  then  their 
Diftance  may  be  found  thus.  .Take  the  Diftance 
between  them  in  your  Compaffes,  and  apply  that  to 
the  graduated  Meridian,  fo  as  the  one  Foot  may  be  as 
many  Minutes  above,  as  the  other  is  below  the  given 
Parallel,  and  the  Degrees  and  Minutes  intercepted, 
reduced  to  Minutes,  will  give  the  Diftance. 

Or  it  may  alfo  be  found  thus.  Take  the  Length 
of  a  Degree  on  the  Meridian  at  the  given  Parallel,  and 
turn  that  over  on  the  Parallel  from  the  one  Place  to 
the  other,  as  oft  as  you  can ;  then  as  oft  as  that  Ex¬ 
tent  is  contained  between  the  Places,  fo  many  Times 
60  Miles  will  be  contained  in  the  Diftance  between 
them. 

Cafe  4.  When  the  Places  differ  both  in  Longitude 
and  Latitude. 

Example.  Suppofe  it  were  required  to  find  the  Di¬ 
ftance  between  the  two  Places  a  and  e  upon  the  Chart. 
By , 

Proh .  2.  Find  the  Difference  of  Latitude  between 
them,  and  take  that  in  your  Compaffes  from  the  gra¬ 
duated  Equator,  which  fet  off  on  the  Meridian  ol  a, 
from  a  to  h  *,  then  thro5  h  draw  h  c  parallel  to  de,  and 
taking  a  c  in  your  Compaffes,  apply  it  to  the  graduated 
Equator,  and  it  will  ftiow  the  Degrees  and  Minutes 
contained  in  the  Diftance  required,  which  multiplied 
by  60  will  give  the  Miles  ol  Diftance. 

The  Reafon  of  this  is  evident  from  Art.  8.  of  this 
Seht.  for  ’tis  plain  ad  is  the  inlarged Difference  of  La¬ 
titude  and  a  h  the  proper  *,  confequently  a  e  the  in= 
larged  Diftance  and  a  c  the  proper. 
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Prob.  5.  To  lay  down  a  Place  upon  the  Chart ,  it’s 
Latitude  and  Bearing  from  fome  known  Place  upon 
the  Chart  being  known  ^  or  (which  is  the  fame)  hav¬ 
ing  the  Courfe  and  Difference  of  Latitude  that  a  Ship 
has  made,  to  lay  down  the  Running  of  the  Ship,  and 
find  her  Place  upon  the  Chart. 

Example.  A  Ship  from  the  Lizard  in  the  Latitude 
of  50°,  oor  North,  fails  SS  W  till  die  has  differed 
her  Latitude  36°,  40k  Required  her  Place  upon 
the  Chart. 

Count  from  the  Lizard  at  L,  on  the  graduated 
Meridian  downwards  (becaufe  the  Courfe  is  Southerly) 
36°,  40^  to thro’  which  draw  a  Parallel  of  Latitude, 
which  will  be  the  Parallel  the  Ship  is  in  ^  then  from 
L  draw  a  S  S  W  Line  L  /,  cutting  the  former  Pa¬ 
rallel  in/,  and  this  will  be  the  Ship’s  Place  upon  the 
Chart. 

Prob.  6.  One  Latitude,  Courfe,  and  Diitance, 
failed,  given,  to  lay  down  the  Running  of  the  Ship, 
and  find  her  Place  upon  the  Chart . 

'  Example.  Suppofe  a  Ship  at  a  in  the  Latitude  of 
20q,  00 1  North,  fails  North  370,  2 o',  Eafl  19 1  Miles. 
Required  the  Ship’s  Place  upon  the  Chart. 

Having  drawn  the  Meridian  and  Parallel  of  the 
Place  a ,  fet  off  the  Rumb  Line  a  e ,  making  with  a  b 
an  Angle  of  370,  20^,  and  upon  it  fet  off  19 1  from  a 
to  c\  thro5  c  draw  the  Parallel  cb ,  and  taking  a  b  in 
your  CompafTes,  apply  it  to  the  graduated  Equator, 
and  obferve  the  Number  of  Degrees  it  contains ;  then 
count  the  fame  Number  of  Degrees  on  the  graduated 
Meridian  from  C  to  h ,  and  thro’  h  draw  the  Parallel  h  e9 
which  will  cut  a  c  produced  in  the  Point  the  Ship’s 
Place  required. 

Prob.  7.  Both  Latitudes  andDiftance  failed,  given, 
to  find  the  Ship’s  Place  upon  the  Chart. 

Example.  Suppofe  a  Ship  iails  from  a ,  in  the*La- 
tude  of  20°,  00 1  North,  between  North  and  Eaff  1 9 1 

S  2  Miles, 


260  Mercator's  Sailing . 

Miles,  and  is  then  in  the  Latitude  of  4  5°>  o<P  North* 
Required  the  Ship’s  Place  upon  the  Chart. 

Draw  de  the  Parallel  of  45°,  and  fet  off  upon  the 
Meridian  of  a  upwards,  a  h  equal  to  the  proper  Diffe- 
rence  of  Latitude  taken  from  the  Equator  or  gi  aduated 
Parallel.  Thro’ h  draw  h c  parallel  to  de\  then  with 
19 1  in  your  Compares,  fixing  one  Foot  of  them  in  a 
with  the  other  crofs  he  in  c.  Join  a  and  c  with  the 
right  Line  a  c,  which  produced  will  meet  d  e  in  e9 
the  Ship’s  Place  required. 

Prob.  8.  One  Latitude,  Courfe,  and  Difference  ot 
Longitude,  given,  to  find  the  Ship  s  Place  upon  the 
Chart 

Example.  Suppofe  a  Ship  from  the  Lizard  in  the 
Latitude  of  50°,  00^  North,  fails  S  W£W,  till  her 
Difference  of  Longitude  is  42  3  6k  Required  the 

Ship’s  Place  upon  the  Chart. 

Having  drawn  A  E  the  Meridian  of  the  Lizard  at 
L,  count  from  E  to  F  upon  the  Equator  42°,  36^,  and 
thro’  F  draw  the  Meridian  F  G  ;  then  from  L  draw 
the  SWW  Line  LK,  and  where  this  meets  FG,  as 
at  K,  will  be  the  Ship’s  Place  required. 

Prob.  9.  One  Latitude,  Courfe,  and  Departure, 
given,  to  find  the  Ship’s  Place  upon  the  Chart. 

Example.  Suppofe  a  Ship  at  a  in  the  Latitude  o 
200,  00 1  North,  fails  North  37^,  2o;  Eafl,  till  fhe 
has  made  of  Departure  1 16  Miles.  Required  the 

Ship’s  Place  upon  the  Chart. 

Having  drawn  the  Meridian  of  a ,  at  the  Diitance 

of  1 1 6,  draw  parallel  to  it  the  Meridian  k  l.  Draw 
the  rumb  Line  a  c,  which  will  meet  k  l  in  fome 
Point  c  •,  then  thro’  c  draw  the  Parallel  c  b,  and  a  b 
will  be  the  proper  Difference  of  Latitude,  and  b  c  the 
Departure.  Take  ab  in  your  Compaffes  and  apply  it 
to  the  Equator  or  graduated  Parallel ;  then  oblerve 
the  Number  of  Degrees  it  contains,  and  count  fo  many 
on  the  graduated  Meridian  from  C  upwards  to  h. 
Thro’  h  draw  the  Parallel  h  ey  which  will  meet  a  c 
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produced  in  fome  Point  as  e>  which  is  the  Ship’s  Place 
upon  the  Chart. 

Prob.  10.  One  Latitude,  Diftance,  and  Departure, 
given,  to  find  the  Ship’s  Place  upon  the  Chart. 

Example.  Suppofe  a  Ship  at  a  in  the  Latitude  of 
200,  00 'North,  fails  19 1  Miles  between  North  and 
Eaft,  and  then  is  found  to  have  made  of  Departure  1 1 6 
Miles.  Required  the  Ship’s  Place  upon  the  Chart. 

Having  drawn  the  Meridian  and  Parallel  of  the 
Place  ay  fet  off  upon  the  Parallel  a  m  equal  to  1 1 6, 
and  thro’ m  draw  the  Meridian  k  l.  Take  the  given 
Diftance  191  in  your  Compaffes,  fetting  one  Foot  of 
them  in  ay  with  the  other  crofs  klmcy  join  a  c,  and 
thro’  c  draw  the  Parallel  c  h  \  fo  c  h  will  be  the  Depar¬ 
ture,  and  a  b  the  proper  Difference  of  Latitude  •,  then 
proceeding  with  this  as  in  the  foregoing  Problem ,  you 
will  find  the  Ship’s  Place  to  be  e. 

Prob.  1 1.  The  Latitude  failed  from,  Difference  of 
Latitude  and  Departure,  given,  to  find  the  Ship’s 
Place  upon  the  Chart. 

Example.  Suppofe  a  Ship  from  a  in  the  Latitude  of 
200,  00 1  North,  fails  between  North  and  Eaft,  till 
fhe  be  in  the  Latitude  of  45  °,  00'  North,  and  is  then 
found  to  have  made  of  Departure  1 1 6  Miles.  Re¬ 
quired  the  Ship’s  Place  upon  the  Chart. 

Having  drawn  the  Meridian  of  <2,  fet  off  upon  it 
from  a  to  b,  25  Degrees,  (taken  from  the  Equator 
or  graduated  Parallel)  the  proper  Difference  of  La¬ 
titude  •,  then  thro’  b  draw  the  Parallel  b  r,  .and  make 
be  equal  to  1 16  the  Departure,  and  join  ac.  Count 
from  the  Parallel  of  a  on  the  graduated  Meridian  up¬ 
wards  to  h  25  Degrees,  and  thro’  h  draw  the  Parallel 
h  ey  which  will  meet  ac  produced  in  fome  Point  ey 
and  this  will  be  the  Place  of  the  Ship  required. 

12.  In  Sett.  VII.  ’tis  plain  that  the  Terms  Meri¬ 
dional  Diftance ,  Departure ,  and  Difference  of  Longitude 
were  fynonymous,  conftantly  fignilying  the  fame 
Thing ;  which  evidently  followed  from  the  Suppo- 

S  3  fitioa 
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fition  of  the  Earth’s  Surface  being  projeded  on  a 
Plain,  in  which  the  Meridians  were  made  parallel 
and  the  Degrees  of  Latitude  equal  to  one  another 
and  to  thofe  of  the  Equator.  But  fince  it  has  been 
demonftrated  (in  this  Section)  that,  if  in  the  Projedion 
of  the  Earth’s  Surface  upon  a  Plain,  the  Meridians 
be  made  parallel,  the  Degrees  of  Latitude  mult  be 
unequal,  ftill  increafing  the  nearer  they  come  to  the 
Pole.  It  follows  that  thefe  Terms  muft  denote  Lines 
really  different  from  one  another.  Difference  of  Lon¬ 
gitude  is  defined  at  Art.  14.  Sett.  III.  Meridional  Di¬ 
fiance  at  Art.  3.  Sett.  \  II.  and  Departure  at  Art.  8, 
of  this  Settion. 
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850.6  912.6  974.8 

851.6913.6  975-91 

852.69146  976.9 


853-7  9*5-7  978-° 
854.7  916.7  979-° 
855-7  9*7-7  98o-o| 

856.81918.8  981.1 

857. 81919. 81  982.1 


7  97- 1 

798.1 

799*1 

800.2 

801.2 

740.7  802.2 
741  7)803.2 

742.8  804.3 


743-8 

744.8 


745.8 

746.9 

747-9 

748.9 

749  9 


629.5 


632.5 


Min. 


10 


690  6 


752.0 


691.6  753.0 

692.6  754  0 

693.6  755 


Min. 


1 1 


Min. 


12 


805.3 

806.3 


858.9  920.8  983.2 

859.9  921.9  984.2 

861.0922.9  985.2] 

862.0  923.9  986.3 

863.0  925^0  987.3 

864. 1  926.0  988. 4I 

865.1  927.0  989.4 

866.1  928.1  990.4] 

867.2929.1  991.5 
868.293^.1  992.5 


807.3 

808.4 

809.4 

8 10.4 

8 1 1 .4 


81  2.5 

813.5 
814  5 

815.5 

8 16.6 


869.2I931.2  993.6] 

870.3  932  2  994.6] 

871-3  933-2  995  6 1 

872.3  934-3  99^-7 

8734  935-3  997-7 
874  4  936.3  998-8 

875.4  9374  999-8 

876.5  938.4  1000.8 
877-5  939-4  1001.9] 

878.5  940.5  1002.9] 

Min.  1  Min.  |  Min. 


H  i  *5 


16 
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L 

9 

10 

1  2 

13 

H 

15 

16 

M 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

30 

572.6 

633-5  '^94-7 

756.1 

8 17.6 

879.6 

941.5 

IOO4.0 

3i 

573-7 

634.6  695.7 

757-i 

818.6 

880.6 

942.5 

IOO5.0 

32 

574-7 

635.6  696.7 

758.1 

819.6 

881.6 

943.6 

1 006. 1 

33 

575-7 

636.6  697.7 

759.2 

1820.7 

882.7 

944.6 

1 007. 1 

34 

576.7 

637.6,698.7 

760.2 

821 .7 

883.7 

945.6 

1008. 1 

35 

577-7 

638.6,699.8 

761.2 

822.7 

884.7 

946.7 

IOO9.2 

36 

57s7 

639.6  700.8 

762.2 

823.7 

885.8 

947-7 

1 0 1 0. 2 

37 

579-7 

640  6 

701.8 

763.3 

824.8 

886.8 

948.7 

ion. 3 

38 

580.8 

641.7 

702.8 

764.3 

825.8 

887.8 

949.8 

101 2.3 

39 

581.8 

642.7 

703.8 

765*3 

826.8 

888.9 

950.8 

1013-4 

40 

582T8 

643.7 

704.9 

766.3 

827.9 

889.9 

95 1  9 

1014  4 

41 

583.8 

644.7 

705.9 

767.4 

,828. 9 

890.9 

952.9 

1015. 4 

42 

584.8 

645.7 

706.9 

768.4 

829.9 

892.0 

953-9 

1016.5 

43 

585.8 

646.7 

707.9 

769  4 

831.0 

893.0 

955.0 

ioi7-5 

44 

586.8 

647.7 

708.9 

7704 

832.0 

8940 

956.0 

1018. 6 

45 

5s7-9 

648.8 

710.0 

77i-5 

?33-o 

895.! 

957-i 

1019.6 

46 

588.9 

649.8 

7  1 1.0 

772.5 

834.1 

896. 1 

958.! 

I02<5.6 

47 

589.9 

650.8 

712.0 

773-5 

835. 1 

897.1 

959.2 

1021. 7 

48 

590.9 

651.8 

713.0 

774-5 

836.1 

898.2 

960.2 

1022.7 

49 

591.9 

652.8 

7H-I 

775.6 

837.2 

899.2 

9  6 1  •  3 

1023.8 

5° 

592.9 

653.9 

715. 1 

776.6 

838.2 

900.2 

962.3 

1024  8 

5i 

593-9 

654.9 

716.1 

777.6 

839  2 

901.2 

963  4 

1025.9 

52 

595.0 

655.9 

7i7-i 

778.6 

840.3 

902.3 

964.4 

1026.9 

53 

596.0 

656.9 

718.2 

779.7 

841.3 

9°3  3 

96S-5 

1028.0 

54 

597.0 

657.9 

719.2 

780.7 

842.3 

9°4-3 

966.5 

1029.0 

55 

598.0 

659.0 

720.2 

781.7 

843.41905.4 

967.6 

1030. 1 

56 

599.0 

660.0 

721.2 

782  7 

844.4 

906.4 

968.6 

1031. 1 

57 

600.0 

661.0 

722.3 

783.8 

845.4 

907.4 

969.6 

1032.2 

58 

601.0 

662.0 

723-3 

784.8 

846.5 

908.4 

970.7 

1033.2 

59 

602.1 

663.0 

724  3 

785.8 

847.5 

909.5 

971.7 

1034  3 

M 

Min . 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

9 

10 

l  I 

1 2 

13 

14 

15 

16 

Iffwvt  ! 
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22 


Min. 


13537 

>354-8 

1355.8 

13569 

I358.O 


I359.0 

I360  I 

1361.2 

1362.3 

I363-3 


23 


Min. 


1418.7 

*4*9-7 

1420.8 

1421. 9 
1423.0 


136+4 

>365-5 

1 366.6 

1367.6 

1368.7 


1424. 1 

1425. 1 
1426  2 

1427-3} 

428  4} 


1 375-3 
1 376. 

1377-4 

1378.5 

1379.6 


*429-5 

1430.6 

143I-7 

1432.8 

H33  9 


*434*9 

1436.0 

*437-* 

1438.2 

*439-3 


1380.7 

1381 .8 

1382.8 

i383-9 

1385.0 


Min. 


22 


1440.4 

144I-5 

1442  6 

*443  7 

1444  8 


*445-8 

1446.9 

1448.0 

*449  * 

1450.2 


Min. 


2  3 


I 


11! 
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L. 

* 7 

18 

19 

20 

2 1 

■ 

22 

23 

M 

Min. 

Min. 

Min. 

Min 

Min. 

Min. 

Min. 

3° 

3 1 

32 

33 

34 

1066.7 

1 067.7 

1068.8 

1069.8 

1070.9 

1 129.7 

1130.8 

1131.8 

1132. 9 
1134. 0 

\  193.2 

1 1 94*3 

”95-4 
1 196.4 

1 1 97- 5 

*257.1 

1  258.2 
I  259.2 
I  260.3 
*  26  I  .4 

9 

13214 
1  322.4 

1  323-5 
I  324.6 
I325-7 

1  386.1 
I  387.2 

1388.3 

1389.4 

1390.4 

*45*  -3 
*452  4 
*453-5 
*454-6 
*455-7 

35 

36 

37 

38 

39 

1072.0 

1073.0 

1074.1 

1075. 1 

1076.2 

M35.1 

1 136.1 

1137. 2 

1138.2 
1 1 39  3 

1 198.5 
1 1 99  6 

1 200.7 

1 201 .7 

1 202.8 

I  262. 1. 
I263.5 
I  264.6 
*  265.6 
I  266.7 

1326.7 

1327.8 
I  328.9 
1330.0 
1331. 0 

*39* -5 
*392.6 

*393-7 

•394-8 

1395.8 

1456.8 

*457-9 

1458.9 
1460.0 
1461.1 

40 

41 

42 

43 

44 

1077.2 

1078.3 

1079.3 

1080.4 

1081 .4 

**4°-3 

1 141 .4 

1 142.4 

1 1 43  5 

1 144.6 

1 203.9 

1204.9 

1 206.0 

1207. 1 

1 208. 1 

I  267.8 
I  268.8 
I269.9 
I27I  .O 

I  272.I 

1332.1 

1  333-2 

1334.2 

*335-2 

1336.4 

1396.9 
I  398.0 

*399-* 

1400.2 

*401.3 

1462.2 

1463.3 

1464.4 
*463.5 

1 466.6 

45 

46 

47 

48 

49 

1082.5 

1083.5 

1084.6 

1085.6 

1086.7 

1 145.6 

1 146.7 

1  *47  7 

1 148.8 

1 149  8 

1 209.2 

1 210.2 
121  I.3 
121  2.4 
I2I3.4 

I  273  .I 

1274.2 

1275*3 

1276.3 
12^7-4 

1 3  3  7*  5 
1338.6 

1339-7 

*340.7 

1 341-8 

*402.4 

1403.4 

1404.5 

1405.6 

1406.7 

*467.7 

1468.8 

1469.8 
*470.9 
1472  0 

5° 

5' 

52 

53 

54 

1087.7 
1088  8 

1089.8 

1090.9 

1 091 .9 

1 150.9 

1 152.0 

1 1 53.0 

1 154*1 

1 1 55  1 

I214.5 

*215.5 

I2l6  6 

1217. 7 

1218.7 

1278.5 

1279.5 

1280.6 

1281.7 

1 282.7 

1342.9 

1 344.0 
1345.0 

1 346.1 

1347.2 

1407.8 

1408.8 

1409.9 

141 1.0 
141  2. 1 

1473. 1 

1474.2 

*475  3 
*476.4 

*477-5 

55 

56 

57 

58 

59 

1093.0 

1 094  0 

1095. 1 

1096.1 

1097.2 

1 156.2 

1 157.2 
M58.3 

1 159-4 

1 1 60  4 

I219.8 

I  220.9 

I  221 .9 
I223.O 

I  224.I 

1 283.8 
*  284  9 

1 286  0 

1 287.0 

1 288.1 

1 348-3 

1349.4 

1 350.4 

*351-5 

1352.6 

*413.2 

'4*4-3 
1415  4 

1416.5 

1417.6 

1478.6 

1479.7 

1480.8 
1481  9 
*483.0 

M 

Min. 

Min.  1 

Min. 

Min. 

Min. 

Min. 

Min. 

T. 

* 7 

18  1 

IQ 

20 

2  1 

22 

21 

. 
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L. 

24 

25 

26 

27 

28 

29 

3° 

M 

Min. 

Min. 

Min. 

Min. 

Min. 

Alin. 

Min. 

30 

!5*7-° 

1583.2 

1  649.9 

*7*7.8 

1785.2 

1853.1 

*923.1 

151 8.1 

*584  3 

165  1 .0 

1718.4 

I  786.4 

1  85_5.o 

*924-3 

32 

1 5 1 9 . 2 

1585.4 

1652.2 

1719.5 

•787-5 

1 856.  * 

1925.4 

33 

*520.3 

1586.5 

1653.3 

1  720.7 

1788.6 

*  857.2 

1926.6 

34 

1 52 1 .4 

1 587.6 

1654  4 

1721.8 

*789.8 

*858.4 

1927.8 

35 

*522  5 

1588.7 

1655.5 

1  722.9 

1790.9 

1 859.6 

1928.9 

36 

*523.5 

1589.8 

1656.6 

1724  0 

*  792.1 

1 860.7 

1930. 1 

37 

>524-7 

*590.9 

1657.8 

*  725.2 

*793-2 

*  861.9 

1 93  *  .3 

38 

1525.8 

*  592  0 

1 658.9 

1726.3 

*794-3 

1 863.0 

*932-4 

39 

1 526  9 

1593.2 

1660  0 

1727.4 

*795*5 

3  864.2 

1933.6 

40 

1528.0 

*594-3 

1 66  r.  1 

*  728.6 

1796.6 

*865.3 

*934  7 

41 

1529. 1 

*595-4 

1662.2 

*729.7 

*797.8 

1 866.5 

*935  9 

42 

1530.2 

'596-5 

1663.4 

1730.8 

*798.9 

1 867.6 

*937-* 

43 

*53**3 

1597.6 

1 0644  5 

1731.9 

1 800.0 

1868.8 

1938.2 

44 

*532.4 

*598.7 

1665.6 

*733  * 

1 80  * .2 

1 869.9 

1939.4 

45 

*533*5 

1 599-8 

i  666.7 

1734.2 

1 8023 

1 871 .1 

1940.5 

46 

*534-6 

1600.9 

1667.8 

3735-3 

1803.5 

1 872.2 

*941.7 

47 

*535-7 

1 602.0 

1669.O 

1736.6 

1 804.6 

*  873.4 

*942-9 

48 

1536.8 

1603. * 

167O.I 

*737  6 

1  S05.7 

1874.5 

1944.0 

49 

*537-9 

1604.3 

1671 .2 

*738  7 

1 806.9 

*875.7 

1945.2 

50 

*539.0 

1605.4 

1672.3 

*739-9 

*  808.0 

1876.8 

*946.4 

5 1 

1540. 1 

1 606.  5 

*673.4 

1741 .0 

1 809.2 

1 87S.0 

*947  5 

52 

1541. 2 

1607.6 

*674.6 

1742. 1 

1 810.3 

1 879.2 

1948.7 

53 

*542-3 

1608.7 

*675.7 

1743.2 

1 81 1 .4 

1 880.3 

1949.9 

54 

*543-4 

1609.8 

16769 

1744.4 

*  8 1  2.6 

18815 

195  LO 

55 

1 5  44-5 

1610.9 

I  678.O 

*745-5 

*813.7 

1 8S2.6 

1952.2 

56 

*445-6 

1612  0 

1679.  I 

1 746.6 

1  8 1 4.9 

1S83.8 

*953-4 

57 

1546.7 

1613.1 

1680.2 

1747.8 

*  8 1 6.0 

1 884  9 

*954-5 

58 

1547.8 

1614  3 

1681.3 

1748.9 

1817.2 

1886. 1 

*955-7 

59 

*548.9 

1615.4 

I  682  4 

1750  0 

1  81 8.3 

1887.2 

1956  9 

M 

Alin. 

Min. 

Alin. 

Min . 

Min. 

Min. 

Alin. 

L. 

24 

25 

26 

27 

28 

29 

30 

2  72 
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At 


Min. 


1 95 8  1 
i959-2 


Min. 


Min. 


2028.4;  2099.6 
2026  6  2100,7 


1960.4  2030.7 

1961.5  2031  9 
1962.7  2033  1 

1963.912034-3 

1965  0:2035  5 

1966  212036  7 

1967  4  2037-8 

1968  5  2039.0 


1 969. 71 2040.2 
19709:2041 


1972  o 

1973.2 

1974-4 

1975  6, 

1976  8 

1977.9 
1979  1 

1980.3 

1981.4 
1982  6 

«983-7 

1984.9 
1986.1 

i987-3 

1988.4 
1989.6 
1990  8 
1992  o 

Min. 


Min.  Min.  Min. 


2171.5 
21  72.7 

2101.9  2173  9 
2103.1  2175*1 
2104.3  2176  3 

2177.5 


2105  5  , 

2106.7  2178.7 


2244.3 

2 -45 -5 

2246  8 

2248  o 

2249  2 


Min. 


2107.9 
2109.1 
21  103 


231 8.0 
2319.3 
2320.5 
232!  7 
2323.0 


2250.4 
225 1  6 
2252.9 
2254. 1 
2255.3 


21  n  .5  2183  61  2256.5 


2042.6 
2043  8  21 15.1 
2044-91 21 563 

2046.1 

2047.3 

2048.5 

2049.7 

2050.8 

2052.0 

2053.2 

2054.4 

2055.6 

2056. 8 


21 1 2.71 21 84.8 
2113.9 


2324.2 

2325.4 

2326.7 


2392.7 
2393  9 

2395.2 

2396.4 
23977 

2398.9 

2400.2  S 

2401.4 


21 86.0 

2187  2 

2 1 88  4 


2257.8  2331.6 


2327  9  j2402. 7 
2329.2  2403.9 ! 

2330.4 


2117.5 
21  18.7 
21  19.8 
2121.0 
2122-2 


2189  6 
2190.8 
2192  o 
2193.3 
2194  5 


2259.0 
2260.2 
2261 .4 

2262.7 


21 23.4  2195*7 


21 24.6 
21 25.8 
21 27.0 
21 28.2 


2058  o 
2059.1 
20603 
2061  5 
20627 

Min. 


2332.9 

2334.1 

2335-3 

23366 


2405.2’ 

2406.4 

2407.7 

2409.0I 

2410.2 


2263.9  2337.8 


2265.1 
2266  3 


2339.0 

2340.3 


2267.6  2341  5 


241 1.5 
2412.7 
2414.0 
241 5.2 

2416.5 


2129  4 

21 30  6 
21 3 1.8 
2133.0 
21 342 


2196.9 

2198.1 

2199-3 

2200.5 

2201  7 
2203.0 

2204.2 
2205  4 

2206.6 


Min. 


2268.8 

2270.0 

2271.2 

22725 

22737 

|  2274.9 
2276. 1 

2277.4 

2278.6 

2279.8 


12342  8 
2344.0 

2345-3 
2346.5 
2347.8 


Min. 


Min. 


2349  o 

2350.2 

235  1  5 
2352.7 
2354.0 


2417.8 
2419.0 

2420.3 

2421 .5 

2422.8 

2424  o 

2425.3 

2426.5 

2427.8 
2429.1 


Min. 
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L. 

3i 

32 

33. 

34 

35 

36 

37  ' 

Ml 

Min. 

Min. 

Min. 

Min. 

Ml  in. 

Min. 

Mi  in. 

3° 

1993. 1 

2063.9  2135.4 

2207.8 

228 1 .0 

2355  2 

2430.3 

3i 

1 994-3 

2065.1 

21366 

2209.0 

2282.3 

23565 

2431.6 

32 

*995-5 

2066.2 

2137.8 

2210.2 

2283.5 

2357  7 

2432.9 

33 

1996.6 

2067.4  2139  0 

221  1.4 

2284.7 

2358  9 

2434  * 

34 

1997.8 

2068.6 

2140.2 

221  2.7 

2286.0 

2360  2 

2435-4 

35 

1999.0 

2069.8  2141. 4 

2213.9 

2287.2 

2361.4 

2436.7 

36 

2000.2 

2071.0  2142  6 

2215. 1 

2288.4 

2362.7 

2437.9 

37 

2001.3 

2072.2 

2143.8 

2216.3 

2289.7 

2363.9 

2439.2 

38 

2002.5 

2073.4  2145.0 

2217.5 

2290.9 

2365  2 

2440  4 

39 

2003.7 

2074.6 

2146.2 

2218.7 

2292. 1 

2366  4 

2441.7 

40 

2004.9 

2075.7 

2I47-4 

2219.9 

2293-3 

2367-7 

2443.0 

41 

2006.0 

2076.9 

2148.6 

2221.2 

2294.6 

.2368.9 

2444.2 

42 

2007.2 

2078. 1 

2149.8 

2222  4 

2295.8 

2370  2 

2445.5 

43 

2008.4 

2079.3 

2 1 5 1 .0 

2223.6 

2297.0 

2371.4 

2446.8 

44 

2009.6 

2080.5  2152.2 

22248 

2298  3 

2372.7 

2448.0 

45 

2010.7 

208 1 .7 

2 1 53-4 

2226.0 

2299  5 

2373-9 

2449.3 

46 

201 1 .9 

2082  9 

2154.6 

2227.2 

2300.7 

2375.2 

2450.6 

47 

2013. 1 

2084. 1 

215;  8 

2228.5 

2302.0 

2376.4 

245  1.8 

48 

2014.3 

2085.3 

2157.0 

2229.7 

2303.2 

2377.7 

2453  1 

12 

2015.4 

2086.5 

2158.2 

2230.9 

2304.4 

2378.9 

2454-3 

5° 

2016.6 

2087.7 

2 1 5  9-4 

2232.  I 

2305.7 

2380  1 

2455.6 

5 1 

2017.8 

2088.9 

2160.7 

2233.3 

2306  9 

2381.4 

2456.9 

52 

2019.0 

2090. 1 

2161.9 

2234.6 

2308.1 

2382.6 

2458.1 

53 

2020.2 

2091.3 

2163.1 

2235.8 

2309.4  2383.9 

2459.4 

54 

2021.3  *2092.5 

2164.3 

22370 

2310  6;  2385.1 

2460.7 

55 

2022.5 

2093.7  J2165.5 

2238.2 

231 1.8 

2286.4 

2461 .9 

56 

2023.7  !  2°94-9  ’2166.7 

2239  4 

2313  1 

2387  6 

2463.2 

57 

2024.9 

2096. 1 

12167.9 

224O.7 

23i4-3 

2388.9 

2464.5 

58 

2026.0 

2097.3  52169. 1 

224I .9 

2315.5.2390  2 

2465.8 

59 

2027.2 

2098.; 

2 170.3 

2243.I 

2316.712391.4 

2467  0 

M 

Min. 

Mill. 

Min. 

Min. 

Min. 

Min. 

Min. 

L. 

3* 

32 

33 

34 

35 

\  36 

17 
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2629.2 
2630  5 
2631.9 

2633.2 


2556.6  2634.5 


2635.8 

2637.I 

2638.4 

2639.7 

264I.O 


2720.2 


42 


Min. 


2781  7 
2783  1 
2784.4 
2785.8 
2787.1 


2788.5 

2789.8 
2791.2 

2792.5 

2793.8 


43 


Min. 


2863.1 

2864.5 
2865.8 

2867.2 

2868.5 


2870.0 

2871.3 

2872.7 

2874.1 


2795. 1 

2796.5 
2797.9 
2799.3 

2800.6 


2564.3 

2565.6 

2566.9 

2568.2 

2569.5 


-642.3 

2643.6 
2644.9 
2646.3 

2647.6 


2802.0 

2803.3 
2804.7 
2806.0 

2807.4 


2570.7}  2648  9 


2572. c 

2573-3 

2574.6 


265 1 


2728.2 

2729.5 


2808.7 

2810.1 


44 


Min. 


2945.7 
2947.2 
2948.6 
2950.O 
295  1 .4 


2952.8 

2954.2 

2955.6 

2957.0 


2875.4  2958.4 


2876.8 

2878.2 

2379-5 

2880  9 

2882.3 


2883.7 

2885.0 


2959.8 
2961.1 
2962.5 

2963.9 
2963. c 


2966.7 
2968. 1 


2886.412969.5 
28S7. 81  2970.9 
2889. 2*2972. 3 


5  2730.8(2811.4 


2890.5  U973.7 
2891.9  2975 


2575.912654.1 


2732.2 

2733-5 


2577.2  2655.4 
2578.5  2656.8 


2579  8 
2581 . 1 
2582.4 


2658. 1 

2659. 

2660.7 


2734.8 

2736.2 
2737,5 

2738.8 

2740.2 


28 1 2.8 
28 14.1 


2815.5 

2816.8 
28 18.2 

Sl9  5 

2820.9 


Min. 


2893.3 


:> 

2894.7 

2896.0 


2897.4 

2898.8 
2900. 2 

2901 .5 

2902.9 


Min. 


2976.5 

2977.9 

2979-3 


2980.7 

2982.1 

2983.5 

2984.9 

2986.3 


Min . 


* 
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H 

38 

39 

40 

41 

42 

43 

44 

M 

Min. 

Alin. 

Min. . 

Alin. 

Min. 

Min. 

Alin. 

3c 

2506.5 

2583-7 

2662.0 

2741.5 

2822.3 

2904.3 

2987.7 

3i 

2507.8 

2585. c 

2663.3 

2742.9 

2823.6 

2905.7 

2989. 1 

32 

2500.0 

2586.3 

2664.6 

2744.2 

2825.0 

2907. 1 

2990.5 

33 

2510.3 

2587.6 

2666.0 

2745-5 

2826.3 

2908.4 

2991  9 

34 

25  1 1.6 

2588.9 

2667.3 

2746.9 

2827.7 

2909  7 

2993.3 

35 

25 1 2.9 

2590.2 

2668.6 

2748.2 

2829.0 

291  1.2 

2994.7 

36 

2514.2 

259 1  *5 

2669  9 

2749.5 

2830.4 

291 2  6 

2996.1 

37 

2515.4 

2592.8 

2671.2 

2750.9 

283 1.8 

2914.0 

2997-5 

38 

25  16.7 

2594.1 

2672.5 

2752.2 

2833.1 

29 1 5 • 3 

2998.9 

12 

25  18.0 

2595-4 

2673.9 

2753-5 

2834.5 

2916  7 

3000.3 

40 

25I9-3 

2596.7 

2675.1 

2754-4 

2835.8 

2918.1 

3001  8 

4* 

2520.6 

2598.0 

2676.5 

2756  2 

2837.2 

29*9-5 

3003.2 

42 

2521.8 

2599-3 

2677.8 

2757.6 

2838.6 

2920  9 

3004.6 

43 

2523.1 

2600.6 

2679. 1 

275S.9 

2839.9 

2922.3 

3006.0 

44 

2524.4 

2601 .9 

2680.5 

2760.2 

2841 .3 

2923.6 

3007.4 

45 

2525.7 

2603.2 

2681.8 

2761.5 

2842.6 

2925.0 

3008.8 

46 

2527.0 

2604.5 

2683.1 

2762.9 

2844.0 

2926.4 

3010.2 

47 

2528.3 

2605.8 

2684.4 

2764  3 

2845.4 

2927.8 

301 1 .6 

48 

2529.5 

2607. 1 

2685.7 

2765.6 

2846.7 

2929.2 

3013.0 

49 

2530-8 

2608.4 

2687. 1 

2766.9 

2848. 1 

2930.6 

3014.4 

5° 

2532.1 

2609.7 

2688.4 

2768.  3 

2849.5  2932.0 

3015.8 

5 1 

2  5  3  3  *4 

261 1 .0 

2689.7 

2769.6 

2850  8 

2933-3 

3017.2 

52 

2534*7 

261 23 

269  1. 0 

2771.0 

2852.2 

2934-7 

3018.7 

53 

2536.0 

261 3.6 

2692.3 

2772.3 

2853.6 

2936.1 

3020. 1 

54 

2537.2 

2614  9 

2693.7 

2773  7 

28549 

2937.5 

3021.5 

55 

2538  5 

2616.2 

2695.0 

2775.0 

2856.3 

2938.9 

3022.9 

2539.8 

2617.5 

2696.3 

2776  4 

2857.7 

2940.3 

3024.3 

57 

2541. 1 

261 8.8 

2697.6 

2777.7 

2859.1 

2941.7 

3025.7 

58 

2542.4 

2620. 1 

2699.0 

2779.0 

2860.5 

2943.1 

3027.1 

59 

2543-7 

2621.4 

2700  3 

2780.4 

2861 .8 

2944.4 

3028  5 

M 

Min. 

Alin. 

Alin. 

Min. 

Alin. 

Alin. 

Min, 

L. 

38 

39 

4° 

41 

42 

43 

44 

T  2 
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49 

Min. 
3382. 1 

3383  6 


3294.6  3385-2 

3386.7 

3388-2 
3  389*7 

3  39 1 

3392.8 

3394- 3 

3395- 9 

3397- 4 

3398- 9 

3400.4 

3402.0 
3403-5 


5° 


Min. 


51 


Min. 


3474-5 

3476.1 

3477-6 
3479  2 
348o-7 

3482.3 

3483-'9 

3485.4 
3487.0 

3488.5 


3568.8' 

357°  4 
3572.0 

3573-6 

3575 -2 


3576.8 

3578-4 
3580  o 

358r 
3583-2 


3  3  2 1  •  5 
3  3  2  3  ♦ 1 
3324-6 
3326.1 
3327  6 

3329-1 
333°  6 

3332- 1 

3333- 6 

3335-1 


3405.0 

3406.6 
3408.1 

3409.6 

341 1 -2 

34I27 

34 1 4  2 

34 1 5  •  8 
341 7-3 
3418.8 


3490. 1 

349 1  *7 

3493.2 

3494  8 
349^3 

3497  9 

3499-5 

3501.0 

3502.6 

3504-2 

35°5-7 

3  5  °7 -3 
3508.9 
3510.5 
35 120 


3420.4 

3421.9 

3423-5 

3425.0 

34267 

Min. 
49 


3513.6 
3  5 1 5  - 1 

3  5 1 67 

35i8  3 
3519-8 
Min. 


5° 


3584.8 

3C86.4 

3588.0 

3589.5 

3591- 1 

35927 
3594  3 
3595-9 
3597-5 
3599-1 
36007 
3602.3 

3603.9 

3605.5 
3607. 1 

3608. 

3610. 

361 1. 

3613.6 
3615-2 

Mi?? . 

51 


,\0  ^  '  J 
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L 

45 

46 

47 

48 

49 

50 

51 

~M 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

3° 

3072.6 

3159.0 

3246.9 

3336.6 

3428.1 

3521-4 

3616.8 

3* 

3074.0 

3160.4 

3248.4 

3338.1 

3429.6 

3523-0 

3618.4 

32 

30754 

3161.9 

3249.9 

3339  6 

343 1 -2 

3524.6 

3620.0 

33 

3076-9 

3*63-3 

32514 

334*-* 

3432-7 

3526.1 

3621.6 

34 

3078.3 

3  164.8 

32^2.9 

3342.7 

3434-2 

3527-7 

3623.2 

55 

3079.7 

3  166.2 

3254-4 

3344-2 

3435-8 

3529-3 

3624.8 

36 

308  1. 1 

3 1 67.7 

3255.8 

3345-7 

3437-3 

3  53°-9 

3626.4 

37 

3082.6 

3 1 69. 1 

32574 

3347-2 

343s  9 

3532.4 

3628.0 

38 

30840 

3170.6 

3258.8 

3348-7 

3440.4 

3534  0 

3629  6 

39 

3085.4 

3172.1 

3260.3 

335°- 1 

344-2.0 

3535  6 

3631-3 

40 

3086.9 

3I73-5 

3261.8 

3  3  5  1  *7 

3443-5 

3537-2 

3632.9 

41 

30883 

3175,0 

3263-3 

3353-2 

3445.0 

3538.8 

3634  5 

42 

3089.7 

3176.4 

32647 

3354  8 

3446.6 

354°-3 

3636.1 

43 

3091,2 

3i77  9 

3266.2 

3356-3 

3448  -i 

3  5  4 1  -9 

3637-7 

44 

3092.6 

3179-3 

3267.7 

3357-8 

3449-7 

3542-5 

3639-3 

45 

3094.0 

3  1 80.8 

3269.2 

3359-3 

345  1-2 

■3  5  45  - 1 

3640.9 

46 

3°95-5 

3182.3 

3  270.7 

3360.8 

3452.8 

3546.7 

3642.5 

47 

3096.9 

3*83-7 

3272.2 

3362.3 

3454-3 

'3548.2 

3644  2 

48 

3098.3 

3185.2 

3273.7 

3363  9 

3455-9 

j3549-8 

3645.8 

49 

3099  8 

3 186  6 

3275.2 

3365-4 

3457  4|35  5  r4 

3647-4 

5° 

3 101.2 

3188.1 

3276.6 

3366.9 

3459.0 

3553-0 

3649.0 

5  1 

3 102.6 

3 189.6 

3278.1 

3368.4 

3460.5  3554  6 

3650.6 

52 

3  1 04. 1 

3 19 1  *° 

3279,6 

3369.9 

3462.1 

3556.1 

3652.3 

53 

3 1 0  5  - 6 

3i92-5 

328 1.1 

3371-5 

3463.6  j3557-7 

3653-9 

54 

3 107.0 

31940 

3282.6 

3373.0 

3465.2 

3559-3 

3655-5 

55 

3108.4 

3 1954 

3284. 1 

3374-5 

3466.7 

3560.9 

3957-1 

56 

3109.8 

3 1 96.9 

3285.6 

3376.0 

3468.3 

3562.5 

3658.7 

57 

3 1 1 1<2 

3198.4 

3287.1 

3377-6 

3469  8 

3564-1 

3660.4 

58 

3 1 12*7 

3 199.8 

3288.6 

3379- 1 

347  -4 

565  -7 

3662  0 

59 

31  H-1 

3201.3 

3290.1 

3380.6 

3473-0 

3567.3 

3663.6 

M 

Min. 

Min. 

Min. 

Min. 

Min. 

A  .in. 

|  Min. 

L. 

45 

46 

47 

48 

49 

5° 

1  ?. 

IKS 


!|'l 

4  'j  <  *1):  \t 

p  ■ 

l  i 

y® m 


L. 

52 

53 

54 

55 

56 

57  I 

58 

Ti 

Min. 

Min. 

Min. 

Min. 

Min. 

Min.  j 

Min. 

o 

3669 .2  i  > 

*763-8  3 

864.7  3 

968.0  t 

(.073.9  < 

4!82  7I 

*294.3 

I 

^666  9  ' 

>765 -5  3 

866.4  1 

,969.7  / 

(.075.7 

4184.5  4296.2 

2 

3668.5 

5767-1  3 

868.1  ^ 

*97 1  *5  ' 

(-077-5 

4186.31 

4298.1 

3 

3670.I 

376S. 8  3 

869.8 

3973. 2 

P79-3 

4188.2 

4300.0 

4 

3671.7 

377°4  2 

,871.5 

3975.0 

4081.1 

4190.0 

4301  9 

5 

36734 

3  77  2* 1 

*873-2 

3976.7 

4082.9 

4191.8 

4303.8 

6 

367301 3773.8 

3874.9 

3978.5 

4084.7 

4*93-7 

4305.7 

7 

3676.6  37754 

3876.6 

3980.2 

4086.5 

4*95-5 

4307.6 

8 

3678.2' 

3777- 1 

3878.3 

3982.0 

4088.3 

4*97-4 

4309.5 

9 

36794 

3778.8 

3880.0 

3983  7 

4090. 1 

4199.2 

43 11  4 

lO 

3681.5 

37804 

3881.7 

3985.5 

4091.9 

4201. 1 1 

43*3  2 

I  F 

3683.1 

3782  1 

3883.4 

3987.2 

4093 -7 

4202. 91 

43 1 5  * 1 

I  2 

3684.8 

3783.8 

3885. 1 

3989  0 

4095.5 

4204.7! 

43*7-° 

13 

3686.4 

3785-5 

3886.8 

3990.7 

4097.3 

4206.6  43 18.9 

14 

3688.0 

3787-1 

3888.6 

3992.5 

4099.1 

4208.4 

4320.8 

15 

3689.7 

3788.8 

3890.3 

3994.2 

4100.9 

4210.3 

14322.7 

l6 

3691.3 

379°-5 

3892.0 

3996.0 

4102.7 

421 2. 1 

4324.6 

17 

3692.9 

3792-1 

3893-7 

3997-7 

4IQ4-5 

4214.0 

4326.5 

iB 

3694.6 

3793.8 

3895.8 

3999.5 

4106.3 

4215.8 

4328.4 

19 

3696,2 

3795-5 

3897.1 

4001  3 

4108.1 

4217.7 

433°-3 

20 

3697.8 

3797 ■ 2 

3898.8 

4003.0 

4109.9 

4219.5 

4332-2 

lZI 

3699  5 

3798  8 

3900.5 

4004.8 

4iii*7 

4221.4 

433'4-2 

22 

3701-1 

3800.5 

3902.3 

4006.5 

41 1 3*5 

4223.2 

4336.1 

23 

3702.7 

3802  2 

3904.0 

4008.3 

4l  1 5-3 

4225.1 

4338.0] 

24 

-  3704-4 

00 

0 

'O 

3905 -7 

4010.  c 

>  4117-1 

4227. c 

4339.9 

25 

37°6.c 

>  3805.5 

39074 

401 i.£ 

4118.9 

4228. S 

4341.8 

26 

>r37°7-/ 

’  3807  2 

3909.1 

4oi3.6 

>  4120.7 

4230.; 

4343.7 

2: 

?  S3709-; 

5  3808  c 

39IG  c 

4015.; 

?  4*22.5 

4232.5 

4345-6 

zl 

3  37104 

)  3810 t 

>  3912.6 

>  4017. 

4124.3 

4234./ 

1-  4347-5 

2( 

9  3  7 1 2  < 

5  38124 

39H-: 

3  4018 

9  4126.1 

4236.: 

’  4349-4 

I 

fj  Mzn. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

I 

.  1  32 

53 

54 

55 

56 

57 

00 

<Vl 


t.  km  jy; 


i 


. 


-r- 
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L_ 

M 


52 


Min . 


53 


i3-9 

15.6 


d  3714.2  38 
3715.9  38.^. 
3717.5  3817.3 

37*9-2  38i9-° 

3720.8  3820.7 


Min. 


3916.0  4020.6  4127.9 
3917.7  4022.4  4I29  7 
3919.5  4024.2  4131.6 


3722.4  3822.3 
3724.1  3824.0 

57 2S-7  38z5-7 
!727-4  3827-4 

729.O  3829.  I 


4024.2  4I3I.6 
3921.2  4025.9  4*33-4 
3922.5  40277 


.0 

8 


730.7 

732.3 

734-o 

735.6 

737-3 


383O.8 

3S32.5 

3834.2 

3835  8 
3837-5 


_ _  , _ _  4135 

3924.6  4029.5  4137. 

3926.4  403 1.2  41 38 
3928.1  4°33-o  4*4°  6 
3929.8  4°34-8  4U2-5 

3931.5  4036  6  4*44-3 

4°38-3  4*46-* 


3931.5 

3933.3  4°38-3  4*46- 
3935.0  4040.1  4147.9 

3936.7  4°4* -9  4*49-7 

3938.5  4043-6  - * 


>  /  ‘0  D  / 

58.9  3839.2 
tr>  6  3840.9 
3842.6 

,  3844-3 
.6  3846  o 


.2  3847.7 

•9  3849-4 
,5  3851.1 

*  3852.8 
3854  5 


L. 


52 


3856.2 

3857-9 

3859.6 

3861.3 
3863. 


Min 


53 


54 


Min. 


55 


Alin. 


56 


Min . 


4238.1 1435  *.3 
4240.0  U353.3 
4241.8  4355-2 
4243.7  4357-* 
4245.6  4359-o 


4043.6  415 1.6 
3940.2  4045 -4  4*53-4 
3941.9  4047 -2  4155.2 
3943.7  4049.0  4157.0 
3945.4  4050.8 


4050.8  4158.8 

3947.1  4052-5  4*60.7 
3948.9  4054-3  4*62  5 

a  r\  r  1  j  i 


4247.4  U360.9 
4249.3  4362.8 
425  1.2  4364.8 
4253.O  U366.7 
4254.9  4368  6 


3950.6  4056.1  4164.3 
3952.3  4057.9  4166.2 
3954.1  4059.7  4168.0 
3955.8  4061.4  4169.8 

2057.6  4063-2  4*7 V 


37  V"  t  ^ 

3959-3  4065  o  4*73-5 
3961.0  4066.8  4175.3 
2062.8  4068.6 - 


3  96: — 

3964-5 

3966.3 

Alin. 

54 


55 


4*77-2 
4070.4  4179. ^ 
■.072.2  4180.8 

Min.  Min 


56 


57 


58 


Min.  Alin. 


4256.8  4370.5 
4258.6  4372  5 
4260.5  4374-4 
4262.4  4376.3 

4264.3  4378.2 


4266. 1  4380.2 
4268.0  4382.1 
4269.9  4384  o 
4271.8  4385,9 
4273.6  4387.9 


4275.514389.8 

4277  4  439*-7 
4279-3  4393-7 
4281.1  4395.6 
4283.0  4397.5 

4284.9  4399.5 

4286.8  4401.4 
4288.7  4403.4 
4290.6  4405.3 
4292.514407.2 

Alin.  I  Min. 


$7 


58 
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L. 

59 

60 

61 

M 

Min. 

1  Min. 

Min. 

0 

4409.2 

4527.4 

4649.3 

1 

441 1. 1 

4529  4 

4651.3 

2 

4413. 1 

453  1-4 

4653  4 

3 

4415.0 

: 45  3  3 -4 

4655-5 

44i7-o '4535-4  46 ? 7 - 5 


5 

6 


44l8-9j4537-4 

4420.84539.4 


4422.8 

44247 

4426.7 


10 

1 1 

1 2 


4541.4 

4543-4 
4545  4 


4659.6 

4661 .7 

4663.7 

4665.8 

4667.9 


4428.6  4547.5 


13 

H 


4430.6 

4432.5 

4434-5 

4436.4 


15 

16 


17 

18 


19 


20 

21 

22 

23 

24 


4438.4 

4440.4 
4442.3 

4444-3 

4446.2 


4448.2 

4450.2 

4452-1 

4454.1 

4436.0 


4549  5 
4551-5 
4553-5 
4555-5 


4669.9 
4672  o 

4674.1 

4676.2 

4678.2 


4557-5 

4559-5 

45  6 1  *  5 
4563.6 

4565  6 


25 

26 


2  7 


4458.0 
4460.0 

,  4461-9 
28,4463-9 

29' 4466.0 

A?j  ' 

|r 


Min. 


59 


4567.6 

4569  6 


4573-7 

4575-7 


4577-7 

4579  7 
4581  8 

4583.8 
4585  8 


Min. 


60 


4775-° 
4777  1 
4779-3 
478i-4 
4783-5 


4905.0 
4907.2 
4909.4 
491 1.6 
4913.8 


5039  5 

5°4!  -7 
5044.0 

5046.3 

5048.6 


4785.7 

4787.8 
4790.0 
4792. 1 
4794  2 


4916.0 

4918.2 

4920.4 

4922.6 

4924.8 


4796.4 

4798.5 

4800.7 

4802.8 

4804.9 


4927.! 
4929.3 
4931-5 
4933  7 
4935  9 


4680.3 

4682.4 

4684.5 

4686.6 

68  8 . 6 


4807.1 

4809.2 


4938.1 

4940.4 


5050.9 

5053  2 

5055-5 
5057-7 
5060  o 


5062.3 
5064.6 
5066  9 
5069.2 
5071.5 


48 1 1.4  4942.6 
4813  5  4944.8 


4815  7  4947-o 


4690.7 

4692.8 


457 1  •  6  4694-9 


4697.0 
4699  1 


4701  2 
4703.2 

4705-3 

4707.4 

4709-5 


Min. 


61 


4817  8 
4820  o 

4822.2 

4824.3 
4826  5 


4828.6 

4830.8 


4835*1 

4837-3 


Min. 


62 


4949  3 
4951-5 
4953-7 
4956.0 
4958  2 


4  60.4 
4962.7 


4832.9  4964.9 


4967.1 

4969.4 


Min. 


63 


5°73.8 

5076  I 

5O78.4 

5O8O.7 

5083.O 


5 178.8 
5181.2 
5 183.6 
5186.0 
5188  3 


5*9°  7 

5 1 93  - 1 

5 1 9  5  *4 
5197.8 

5200.2 


5202.6 
5205.0 
5207.3 

5209.7 
521 2. 1 


5  2 1 4- 5 
5216.9 

5  2 1 9  3 
5221.7 

52z4 


5085.3 
5087.7 
5090.0 
5092  3 
5094.6 


5096.9 

5099.2 

5 101  -5 

5 1  °3 -9 

5 106.2 


Min. 


64 


5226.5 

5228.9 

523  1 

5  23  3-7 
5236 


5238.5 

5240.9 

5243-3 

5245 
5248.1 


Min, 


65 


— 
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L. 

1J 

30 


59 


Min. 


4467.8 
31  4469.8 
3214471.8 


33 

34 

35 

36 

37 

38 

39 


4473-8 
447  >-7 

4477*7 

44797 

4481.7 

4483.6 

4485  6 


4°H487  6 
41  ]4  4^9*6 
42 ! 449 1  6 

43:4493-5 
4414495-5 

45  !4497  5  4618.4 
46:4499.5  4620.5 


47 14501  -5 

48  4503.5 

49  45°5-5 

5°  ;45°7-5 
5 1 ,45°9-4 
52 ,45  *  K4 
53  ,45 1 3-4 
54*45 1  5-4 

>5  45 1 7  4 

56  45*9-4 

57  45 21  *4 

58  4523  4 

59  45254 

M 
4. 


60 


Min. 

4587*8 

45899 

4591.9 

4593-9 
4596  o 


4598.0 

4600. 1 

4602.1 
4604  1 

4606.2 

4608.2 

4610.3 

4612.3 

4614.3 
461 6  4 


4622  5 

4624.6 

4626.6 


Min. 


rw 


59 


4628.7 
4630  7 

4.632.8 

4634.8 


61 


Min. 


471 1.6 

47I3-7 

4715.8 
4717  9 
4720.0 


4722.6 

4724.2 

4726.3 


62 


Min. 


63 


Min. 

4971.6 

4973-9 

14976.1 

!  a  8  n 


4839.4 
4841 .6 
4843-8 
4845.9  4978.3 


1848.1 


4850.3 

4852.5 

4854.6 


4728.4  4856.8 
473°  5  4859  0 

4861 .2 

4863.3 
4865.5 
4867.7 
4869  Q 

4872.I 

4874.3 

4876.4 
4878  6 


4732.6 

4734-7 

4736.9 

4739.0 

4741.1 


4743-2 
4745  3 
4747-4 
4749  5 
475 1  -7 


4753  8 

4755.9 

475  8*o 

4760. 1 


4636  9  4762  3 

4639.014764.4 
4641  014766 


4643.1 

4645  1 

4647  2 


Min 


60 


5 

4768  6 

4770.8 
47729 

Min. 

61 


4980.6 

4982.8 

4985.' 

4987  3 


4989.6  5  1  27 
4991.8 


4994* > 

499^.3 

4998.6 
5000  9 
5003  1 

5005  4 

5007.6 

5009.9 

5012.2 


*7”'  ■-  11 

64  65  T 


Min. 


5108.5 

5110.8 

51 13*1 
5 1 1 5  *5 
5  1 1 7-8 


51 20.1 

5 1 22.5 
5 1  24.8 


5 1 29*5 


5131.8 

5134.1 

5136.5 

5138.8 

5141 .2 


4880  8  501 4  4 

4882.0 1 50 6.7 
48.85.2  5019.0 
4887. 41 
4889  6 
4891 .8 


4894.0 

4896.2 

4898.4 
4900  6 

4902.8 

Min. 


62 


5021  2 

5°23-5 

5025.8 

5028.1 

5°3°-3 

5052.6 

5°34-9 

5037.2 


Min. 

63 


5 1 43*5 

5 1 45  9 

5 1 48.2 

5150.6 
5 1  52  9 
5 1 55-3 

5 1 57  6 

5 1 60  o 

5 162.5 
5-64-7 
5 167  o 

5 1 69-4 
5171.8 

5 1 74  1' 

5176.5 


Min. 


64 


Min. 


5250.5 

5252-9 

5255-3 

5257-7 

5260.1 


5262.6 
5265.0 
5267.4 

5269.8 

5272  3 


5274  7 

5277.1 

5279-5 
5282.0 
5284  4 


5286.8 

5289.3 
5291  -7 

5294.2 

5296.6 

5299.0 

5301.5 

5303-9 

5306.4 

5308.8 


53*i*3 

53*37 

5316.2 

53 1 8.6 

5321  1 


Min. 


65 
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\L_ 

M 

o 

1 


3 

4 

5 

6 

7 

8 

9 

10 

1 1 
1  2 

13 

w. 

[5 

16 

*7 
1 1 8 

li 

20 

21 

22 

23 

24 


5323  6 
5  3  26.0 

5328.5 
533°  9 
5333-4 


66 


67 


68 


5335-9 

53383 

;34o8 

5343  3 

5345-7 


Min. 

5474.0 
5476  6 

5479  2 
5481.7 

5484-3 

5486.9 

5489  4 
54920 


Min. 

5630.9 

5633-5 

5636.2 
5638  9 
5641.5 


5644.3 
5646.9 
5649.0 
5494.6  5652.3 


5497- 1 1 565 


5  0 


5348.2  549917 

535°  7  55°2*3 
5353  2 155°4’9 
5 3 5 5 -6  55°7-5 
5358-1  5  5  10  0 


5  360.6 

5363-' 

5365.6 

5368.1 

537°*5 


27 

28 

29 

M 

r 


5373-° 
5375  5 

5378.0 

5380.5 

5383.0 


5657.6 


69 


Min. 


5794.6 

5797-4 
580O  2 

5803.O 
5805  8 


5808.6 
581 1.4 
58142 

58i7° 

58198 


5822  6 


5660.3  5825.4 
5663.0'  c8^8. 2. 


5665.7 
5668.4 

5  671-1 

5673.8 


5  5 1 2.6 

5  5 1 5  • 2  ,  _ 

5517.8  5676.5  _ 
5520.4  5679.2  5845.2 
5 5 23.°!  568 1. 9  5848  o 
- c  5684.6  5850.8 


70 


Min. 


5966.0 

5968.9 

597 1  ^ 
5974  7 
59777 


5980.6 

5983  5 
5986.5 
5989.4 
5992  4 


7* 


Min. 


6145.7 

6 148.8 

6151.9 
6155  ° 
61 5  8.0 


72 


Min. 


6334  9 

6338.1 

6341.4 

6344.6 

6347.8 


5828.2 
583  I  O 

5  8  3  3  9 


6161.1 
6164  2 

6167.3 

61 70.4 
6i73-S 

5995-3  6176.6 
5998-3  61797 


6001  2 
6004  2 
6007.1 


5836.7I6010.1 

5839- 5 1 6° 1 3.0 

5842.3  6016.0 


6351.1 

6354-3 

6357.6 
6360  9 

6364.1 


6019  o 
6021 .9 


5385-5 

5388.0 

5389-5 

5393  0 

5395  5 


Min. 

66 


5525.6 
5  528.2 
5530.8 

5533-4 

55  36o 

5538.6 

5541-2 

5543-8 

5546.4 

5549  0 

Min. 

67 


5687.3 

5690.0 

5692.8 

5695-5 


§698.2 

5700.9 

5703,6 

5706.3 

57°9 


Min. 


68 


5853-7 
5856.5 

5859.3 

5862.2 


6024.9 
6027  9 

6030.8 

6032.8 

6036.8 


5865.0 

5867.9 

58707 

5873-5 

5876 


Min. 


69 


61  82.8 
61  85.9 
61  89.0 

61921 
6195  2 

6198.3 

6201.4 
6204  6 


6367.4 
6370.6 
6373.9 
6377.2 

6380.5 


6207.7 

6210.8 


6383.7 
6387.0 
6390.3 
6393.6 
6396  o 


6400.2 

6403.5 


6213  9  6406.8 


6039.8 

6042.7 

6045.7 

6048.7 

6051.7 

Min~ 


6217.1 

6220.2 

62233 
6226  5 
62296 
6232.7 
6235.9 


Min. 


71 


6410.1 

6413.4 


6416.7 

6420.0 

6423.3 

6426.6 

6429.9 


Min. 


72 
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66 


Min. 

5395.0 

5400.5 
5403.0 

5405.6 

5408.1 


5410.6 

54I3*1 

5415.6 

5418.1 
54207 

5423.2 

54  z5-7 

5428.2 

C430.8 

5433-3 


5435.8 
5438.4 

5440.9 

5443-5 

5446.0 


5449-5 
545 1 • 1 
5453  6 

5456.2 

5458-7 

5461.3 

5463.8 

5466.4 

5468.9 

5471-5 


Min. 

~6? 


67 

68 

69 

70 

71 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

55  5 1  *6 

5711.8 

5879-3 

6054.7 

6239.0 

6433.2 

5554-2 

57*4-5 

5882.1 

6057.7 

6242.2 

6436.6 

5556.8 

57I7-3 

5885.0 

6060.7 

6245.3 

6439.9 

5559-5 

5720.0 

5887.8 

6063.7 

6248.5 

6443.2 

5562. 1 

5722.7 

5890.7 

6066.7 

625  1 .7 

6446.6 

5564-7 

5725.5 

5893.6 

6069.7 

6254.8 

6449.9 

5567-3 

5728.2 

5896.4 

6072.7 

6258.0 

6453-3 

5569  9 

5731-° 

5899.3 

6075.7 

6261 .2 

6456.6 

5572.6 

5733-7 

5902.2 

6078.8 

6264.4 

6460.0 

5575-2 

5736.4 

5905. 1 

608 1.8 

6267. 5 

6463.3 

5577-8 

5739-2 

5907.9 

6084.8 

6270.7 

6466.7 

5580.5 

574*  -9 

59 1 0.8 

6087.8 

6273.9 

6470  O 

5583.1 

5744-7 

59 1 3*7 

6090.8 

6277. 1 

6473  4 

5585-7 

5747-5 

5916.6 

6093.9 

6280.3 

6476.8 

55884 

5750  2 

59*9-5 

6096  9 

6283.5 

64S0.1 

5591.0 

5753.0 

5922.4 

6099.9 

6286.6 

6483  5 

5593-7 

5755-7 

5925.2 

6103.0 

6289.8 

6486.9 

5596  3 

57S8-5 

5928.1 

6106.0 

6293.0 

6490.3 

5599.0 

5761.3 

5931.0 

6109.1 

6296.2 

6493.6 

5601  6 

5764.O 

5933-9 

61 1  2.1 

6299.4 

6497.0 

5604.3 

5766.8 

5936.8 

61 1  5.1 

6302.7 

6500.4 

5606  9 

5769.6 

5939-7 

61 1  8.2 

6305.9 

6^03.8 

5609  6 

5772  3 

5942.6 

6121.2 

6309.1 

6507.2 

561 2.2 

5  775* 1 

5945-5 

6124.3 

6312.3 

6510.6 

5614  9 

5777  9 

5948.5 

61  27.4 

63*5-5 

6514  0 

5617.5 

5780.7 

59  5 1  -4 

61  30.4 

6318.7 

6517.4 

5620.2 

57s3-5 

5954-3 

6133.5 

6322.0 

6520.8 

5622.9 

5786.2 

5957-2 

6136.5 

6325.2 

6524.2 

5625.5 

5789.0 

5960.1 

6139.6 

6328.4 

6527  6 

5628.2 

5791.8 

5963  0 

6142.7 

633*  -7 

6531.0 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

67 

68 

69 

70 

7* 

72 
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6537*9 
2 ,6541.3 

3  (6544*7 

4  6548.2 


5 

6 

7 

8 


6749.4 

6753.° 

6756.6 

6760.3 


6551.6 
6555.0 
6558.5 
65619 

65654 

10)6568.8 
n  6572.3 
12  6575.7 
1 3 ,6579.2 
•  ■  6582.6 


6586. 1 


6589.5  6804  2 

c.  -  ~  A  Q  *7  n 


6595  o 

6596  5 

1  66co.o 


6606.9 

661 0.4 

6613.9 

661 7.4 

6620  9 

6624.4 

6627.9 
66314 

29  6635  0 

M 


6845.0 
6848. 7 
68525 
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L. 

73 

74 

75 

76 

77 

78 

79 

M 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

Min. 

30 

6638.5 

6856  2 

7088. 1 

7336.2 

7603.1 

7891.8 

8206.5 

3 1 

6642.0 

6860.0 

7092. 1 

734°-5 

7607.7 

7896.8 

82120 

32 

66+5  5 

6863.7 

7096. 1 

7344-8 

7612.3 

790 1 .9 

8217.5 

33 

6649.I 

6867.5 

7100. 1 

7  3  49- 1 

7617.0 

7906.9 

8223.0 

34 

6652.6 

6871.2 

7104.1 

7353-4 

7621.6 

79 1 1  9 

8228. 5 

35 

6656.I 

6875. c 

7108.2 

73577 

7626.3 

79I7-° 

8234. 1 

36 

6659.7 

6878.7 

71 12.2 

7362.0 

7630.9 

7922. 1 

8239.6 

37 

6663.2 

6882.5 

7 1 16.2 

7366.4 

7635  6 

7927.1 

8245.1 

38 

6666.8 

6886.3 

7 1 20.2 

7370-7 

7640.2 

7932.2 

8250.7 

39 

6670.3 

68qo.  1 

7124.3 

7375-0 

7644.9 

7937-3 

8256  3 

40 

6673.9 

6893  8 

7128.3 

7379-4 

7649.6 

7942.4 

8261.8 

41 

6677.4 

6897.6 

7i32-3 

7383-7 

7654-3 

7947-5 

8267,4 

42 

668 1  0 

6901.4 

7136.4 

7388.0 

7639.0 

7952.6 

8273.0 

43 

6684.6 

6905.2 

7 1 40.4 

7392-4 

7663.7 

7957-7 

8278.6 

44 

6688. ! 

6909  0 

7H4-5 

7396.8 

7668.4 

7962.8 

8284.2 

45 

6691 .7 

69  12.8 

7148.6 

7401.1 

7673.1 

7968. c 

8289  9 

46 

6699.3 

6916.6 

’7152.6 

7405-5 

7677.8 

7973 -1 

8295.5  | 

47 

6698  9 

6920  4 

7156.7 

7409.9 

7682.6 

7978.2 

8301 . r 

48 

6702  4 

6924.2 

7160.8 

74H-2 

7687.3 

7983-4 

8306.8 

49 

6706.0 

6928. 1 

71649 

7418.6 

7692.0 

7988.5 

83  1  2.4 

5° 

6709.6 

6931.9 

7169.0 

7423.0 

7696.8 

7993-7 

8318.1 

5 1 

6713.2 

6935-7 

7I73-° 

7427.4 

7701.5 

7998  9 

8323.8 

52 

67 16.8 

6939.5 

7i77-i 

743 1  -  8 

7706.3 

8004.0 

8329.4 

53 

6720.4 

6943.4 

7181.2 

7436.2 

771 1.0 

8oog.2 

8335- 1 

54 

6724  0 

6947.2 

7 1 8s -3 

7440  6 

7715-8 

801 4.4 

8340.8 

55 

6727.6 

6951.1 

7i89-5 

7445.0 

7720.6 

8019  6 

8346.6 

>6 

673 1-2 

69549 

7193.6 

7449-5 

7723.4 

8024.8 

8332.3 

57 

6734  9 

6958.8 

7197.7 

7453-9 

7730.2 

8030.0 

8338.0 

58 

6738-5 

6962.6 

7201.8 

745  s-; 

7735-o 

8035  3 

8363.7 

59 

6742  1 

6966  5 

7205.9 

7462.8 

7739.8 

8040.5 

8369  5 

M 

Min. 

i^iin. 

Min. 

Min. 

Min. 

Min. 

Min. 

L. 

73 

74 

75 

?6 

77 

7* 

70 
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L. 

80 

81 

82 

83 

Ti 

Min. 

Min . 

Min. 

- 

Min. 

o 

8375*3 

8739.1 

9*45-6 

9605.9 

I 

838  1. 0 

3745-5 

9152.7 

9614.1 

2 

8386.8 

875^9 

9*59*9 

9622.4 

3 

8392.6 

8758.3 

9167.2 

9630.6 

4 

8398.3 

8764.8 

9T74-4 

9638.9 

r 

8404. 1 

8  77 1 . 2 

9181.5 

9647.2 

j 

6 

8400,9 

8777.7 

9188.9 

9655-5 

7 

8415.8 

8784. 1 

9196.2 

9663.8 

/ 

8 

8421.6 

8790.6 

9203.5 

9672.2 

9 

8427.4 

8797.1 

9210.8 

9680  6 

IO 

8433.3 

8803.6 

9218.1 

9689.0 

1 1 

8439.1 

8810. 1 

9225.4 

9697.4 

I  2 

8445.0 

8816.6 

9232.8 

9705.8 

13 

8450.9 

8823.2 

9240  2 

97*4-2 

*4 

8456.8 

8829.7 

9247.6 

9722.7 

I  c 

8462.6 

8836.3 

9255.0 

973 1  * 2 

16 

8468.6 

8842.8 

9262  4 

9739-7 

17 

8474.5 

8849.4 

9269.9 

9748.3 

18 

8480.4 

8856.0 

9277.3 

9756.8 

*9 

8486.3 

8862  6 

9284.8 

97654 

20 

8492.3 

8869.3 

9292.3 

9774.0 

21 

8498.2 

8875.9 

9299.8 

9782.7 

. 

22 

8504.2 

8882.6 

9307.3 

979* -3 

23 

85  10.2 

8889.2 

93 14.8 

9800  0 

24 

8516.2 

8895.9 

9322.4 

9808.6 

25 

8522.2 

8902.6 

9330  0 

98 1 7-3 

26 

8528.2 

8909.3 

9337-5 

9826.1 

27 

8534.2 

8916.0 

9345  * 2 

9834.8 

28 

854O.2 

8922.7 

9352.8 

9843.6 

29 

8546.2 

8929.5 

9360.4 

9852.4 

M 

Min. 

Min. 

Min. 

Min. 

Z,. 

80 

81 

82 

83 
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L. 

80 

81 

82 

83 

84 

M 

Min. 

Min. 

Min. 

Alin. 

Min. 

30 

8552-3 

8936.2 

9368. 1 

9861.3 

10436.6 

3i 

8558.4 

8943.0 

9375-8 

9870. 1 

1 0447. 1 

32 

8564.4 

8949.8 

9383.5 

9879.0 

io457-5 

33 

8570.5 

8956.6 

93  9 1  * 2 

9887.8 

10468.0 

34 

8576.6 

8963.4 

9398  9 

9896.7 

10478.5 

35 

8582.7 

8970.2 

9406.6 

9905.7 

10489.1 

36 

8588.9 

8977. 1 

94H-4 

99x4  6 

io499-7 

37 

859;  0 

8983.9 

9422.1 

9923.6 

10510  4 ' 

38 

8601. 1 

8990.8 

9429.9 

9932.7 

1052 1. 1 

39 

8607.3 

8997.7 

9437.8 

9941.7 

10531.8 

40 

8613.5 

9004.6 

9445.6 

9950.8 

10542.6 

4* 

8619.6 

9OII-5 

9453-4 

9959.8 

io553-3 

42 

8625  8 

9018.4 

9461.3 

9968.9 

10564.1 

43 

863  2.0 

9025.4 

9469.1 

9978.0 

io574-9 

44 

8638.2 

9032.3 

9477-o 

9987.2 

10585.8 

45 

8644.5 

9°39-3 

9484.9 

9996.3 

1 0596.7 

46 

8650.7 

9046.3 

9492.9 

10005.5 

10607.7 

47 

8656.9 

9°53-3 

9500.8 

10014.8 

10618.7 

48 

8663  2 

9060.3 

9508.8 

10024.0 

10629.7 

49 

8669.5 

9067.3 

9516.8 

I0033-3 

10640.8 

5° 

8675.7 

9074.4 

9524.8 

10042.6 

1065 1.9 

5* 

8682.0 

9081.4 

9532-9 

1005 1 -9 

10663.0 

52 

8688.3 

9088.5 

9540.9 

10061.3 

10674.1 

53 

8694.6 

9095.6 

9548.9 

10070.6 

10685.3 

54 

8701  0 

9102.7 

9557-0 

10080  0 

10696.5 

55 

8707.3 

9109.8 

9565. 1 

10089.4 

10707.7 

56 

8713.6 

91169 

9573-2 

10098.9 

10719.1 

57 

8720.0 

9124.0 

95  8 1 .4 

10108.4 

10730.4 

58 

8726.4 

9131. 2 

9589*5 

10117.9' 

10741.8 

59 

8732.7 

9*38-4 

9597-7 

101 27.4 

1  °7  53*3 

M 

Min. 

Min. 

Min. 

Min. 

Alin. 

£- 

80 

81 

82 

83 

84 
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L 

% 

86 

87 

88 

M 

Min. 

Mi  in. 

Min. 

Min.  | 

o 

10764.7 

1 1  532.6 

12522.3 

13916.6  I 

i 

10776.2 

11547.0 

12541.4 

1 3945  *4 

2. 

10787.7 

1 1561.4 

I  2560.7 

13974-4 

3 

10799.3 

1 1 5  75 -9 

l  2580.0 

14003.7 

4 

108 10. 0 

11590.5 

12599.5 

H°33-2 

5 

10822.5 

1  1605.O 

12619.1 

14063.0 

6 

I0834 2 

I16198 

1 2638.9 

14093.0 

7 

1084^.9 

H634.5 

1 2658.6 

14123.3 

8 

IO857.7 

H649.3 

I  2678.6 

14153.9 

Q 

IC869.6 

1  1664.  I 

1 2698.6 

141847 

IO 

1088 1 .4 

I  1679. 1 

12718  8 

14215.8 

1 1 

I0893.3 

I  1694.O 

12739. 1 

14247.2 

I  2 

IO905.2 

I  I7O9. I 

1 27  8  9- 5 

14278.9 

13 

IO917.2 

I  I724.2 

1 2780.0 

H3IO-9 

H 

IO929. 1 

*  *739-4 

1 2800.7 

H343-2 

15 

IO94I.2 

1  1 7  5  4-7 

12821.5 

1 4375 

16 

10953.3 

1 1770.0 

1 2842.5 

14408.7 

17 

10965.5 

11785.4 

12863.5 

I444I-9 

1 8 

10977.7 

1 1800.9 

1 2884.7 

144754 

19 

10989.9 

11816  4 

1 2906.0 

,45°9*3 

20 

I  1002.2 

1 1832.0 

1 2927.4 

H543 -5, 

21 

I  IOI4. 5 

1 1847.6 

12948.9 

14578.1 

22 

I  IO26.9 

11863.4 

1 2970.6 

14613  0 

23 

I  IO39.3 

1 1879.2 

12992.5 

14648.3 

24 

I  IO5  1 .7 

1 1895.1 

13014.4 

14683  9 

25 

I  1064.2 

1 191 1. 0 

13036  6 

14719  9 

26 

I  IO76.8 

1 1927. 1 

13058. 8 

14756.3 

27 

I  I089.3 

1 1943-1 

13081 .2 

14793.0 

28 

I  I  102.0 

1 1959-4 

1 3 103.8 

14830.2 

29 

I  I  I  14.6 

11975.6 

13126.5 

14867.8 

M 

Min . 

Min. 

Min. 

Min. 

17 

25 

86 

87 

88 
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! L- 

85  I  86 

87 

88 

1  M 

Min .  j  .Mz'tz. 

Min. 

Min. 

30 

1 1 127.4  I  1 1992.0 

*3*49-3 

14903.8  I 

31 

1 1 140. 1  12008.4 

*3*72-3 

*4944.2 

32 

1 1 152.9  12024.9 

*3 *95  9 

14983.0 

I  33 

1 1 165.8  12041.5 

13218.8 

15022.3 

J  34 

1 1 178.7  |  12058.2 

13242.3 

15062.1  | 

33 

1 1 191.7  I  1 2074  9 

13265.9 

*5102.3 

36 

1 1204  7  12091.7 

13289.7 

*5*43  0 

37 

1 121 7.7  12108.6 

l33i3-7 

15184.2 

38 

1 1230.9  12125.6 

*3337-8 

*5225.8 

39 

1 1244.0  |  12142.7 

13362.1 

15268.0  1 

40 

i 1257.2  I  12159  9 

13386  6 

*5310.7 

1  41 

1 1270.5  1 2 177. 1 

*34*  *-2 

*5354  0 

42 

1 1 283.8  1 2 194.4 

13436.1 

'5397-8 

43 

1 1297. 1  1  122 1 1.8 

*3461.1 

*5442.  I 

44 

1 13 10.6  j  12229.3 

13486.3 

*54870 

43 

1 1324.0  j  12246.9 

*35*1-6 

*  5532.6 

46 

1 1 3  3  7.6  12264.6 

*3537-2 

>5578.7 

47 

11351.1  12282.4 

13563.0 

1  5625  5 

48 

1 1364.8  12300.2 

13588.9 

15673.0 

49 

11378.4  12318.2 

*3615.1 

*5721.0  1 

5° 

1 1392.2  I  12336.3 

13641.4 

15769  8 

51 

1 1406  0  1 2354.4 

1 3668.0 

15819.3 

32 

11419.8  12372.7 

13694.7 

15869.5 

33 

1 1433-7  *2391.0 

*3721.7 

*5920.4 

34 

1 1447.7  1 2409- 5 

13748.9 

*5972  1 

53 

1 1461 .7  I  1 2428.0 

13776.3 

1 6024.6  I 

56 

11475.8  12446.7 

13803.9 

16077.9 

57 

1 1489.9  1 2465.3 

*383  *.7 

16132.0 

58 

1 1504. 1  12484.2 

1 3859.8 

16187.0 

59 

to"*  ! 

•  i 

c<->  j 

O 

Ivv 

oc 

Ln 

*— * 

13888.1 

16242.9  j 

Min. 

Min. 

1  L 

85  1  86  1 

87 

88  J 

89 

Min. 

1 8682  5 

i8799-1 

18919.7 

1 90447 
*9*74-4 

19309.2 

r9449 5 

19595.8 

19748.6 

19908.5 

20075.2 

20252.5 

20438.3 

20634.8 
20843. 1 

2 1 064  9 
21 302.0 

21556.6 

21831.7 
22130  6 

22458.0 
228  [9.9 
23224  3 

23682.9 


Min. 


89 


u 


■ — — I - 
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Oblique  Sailing . 


SECT.  XL 


Of  Oblique  Sailing . 

TH  E  Queftions  that  may  be  pjopofed  on  this 
Head  being  innumerable,  I  fhall  only  give  a 
few  of  the  moft  ufeful. 

P  R  O  B.  1. 

Coafting  along  the  Shore  I  faw  a  Cape  bear  from 
me  N  N  E,  then  I  flood  away  NW^W  20  Miles, 
and  I  obferved  the  fame  Cape  to  bear  from  me  NE£E. 
Required  the  Diftance  of  the  Ship  from  the  Cape  at 
each  Station. 


Geometrically . 


D 


Draw  the  Circle  NW  S  E  to  reprefent  the  Compafs, 
N  S  the  Meridian  and  W  E  the  Eaft  and  Weft  Line, 
and  let  C  be  the  Place  of  the  Ship  in  her  firft  Station ; 

then  from  C  fet  off  upon  the 
N  W  b  W  Line,  C  A  20 
Miles,  and  A  will  be  the 
Place  of  the  Ship  in  her 
fecond  Station. 

From  C  draw  the  NNE 
Line  CB,  and  from  A  draw 
AB  parallel  to  the  NE^E 
Line  CD,  which  will  meet 
C  B  in  B  the  Place  of  the 
_  Cape,  and  C  B  will  be'  the 

Diftance  of  it  from  the  Ship  in  it's  firft  Station,  and 
A  B  the  Diftance  ia  the  Second,  to  find  which 

.  :  By 


Oblique  Sailing . 


By  Calculation . 


In  the  Triangle  A  C  B  are  given  A  C,  equal  to 
20  Miles,  the  Angle  A  C  B  equal  to  78°,  45',  the 
Diftance  between  the  N  N  E  and  N  W  b  W  Lines, 
alfo  the  Angle  ABC,  equal  to  B  C  D  (by  Art.  36. 
Sett.  I.)  equal  to  33  45 the  Diftance  between  the 

NNE  and  NE^E  Lines ;  and  confequently  the  An¬ 
gle  A  equal  to  67°,  30'  (by  Cor.  1.  Art.  61.  Sett.  I.). 

Hence  for  C  B  the  Diftance  of  the  Cape  from  the 
Ship  in  her  firft  Station,  it  will  be  (by  Cafe  2.  of  Ob¬ 
lique  Trigonometry ) 


S.  ABC  :  AC  ::  S.  B  AC  :  CB. 


i.  e  As  the  Sine  of  the  Angle  B  330,  45'  9.74474 

is  to  the  Diftance  run  A  C  -  20  -  '  -  1.30103 

fo  is  the  Sine  of  B  A  C  -  67  ,  30  -  9.96562 

to  CB  -  -  -  33.26  -  1.52191 

the  Diftance  of  the  Cape  from  the  Ship  at  the  firft 
Station.  Then  for  A  B  it  will  be  by  the  fame  Cafe. 


S.  ABC  :  AC  :  :  S.  AC  B  :  A  B. 


i.  e.  As  the  Sine  of  B 
is  to  A  C  -  - 
fo  is  the  Sine  of  C  • 
to  A  B  -  -  -  - 


33°.  45' 


-  974474 

20  -  -  -  1. 30103 

78-45  -  9.99157 

35-3*  -  -  *-54786 

the  Diftance  of  the  Ship  from  the  Cape  at  her  fecond 
Station. 


Coafting  along  the  Shore  I  faw  two  Headlands,  the 
firft  bore  from  me  NE^E  17  Miles,  the  other  S S  W 
20  Miles.  Required  the  Bearing  and  Diftance  of  thefe 
Headlands  from  one  another, 

U  2  Geometrically . 


_ 


_ 


M  - 


if  ■  s|! 

Lit' :.!&»&  W.  ft 


L  jf  lit'! 

*  !  ;  W 

<  <■;  Wi  S‘f:  ^ 1 


■  Mi  $  *:• 

"*fl|  ■ 


i  :  T'Sfl  1 


*  ra®  t 


\  i itt 


Having  drawn  the  Compafs  NWSE,  let  C  repre- 

fent  the  Place  of  the  Ship, 
A  fet  off  upon  the  NE^E 
Line  C  A  1 7  Miles  from  C 
to  A,  and  upon  the  S  S  W 
Line  CB  20  Miles  from  C 
to  B,  and  join  A  B,  then  A 
will  be  the  firft  Headland, 
and  B  the  fecond-,  alfo  AB 
will  be  their  Diftance  and 


the  Angle  A  will  be  the 
Bearing  from  the  NE^E 


Line,  to  find  which 


By  Calculation. 


In  the  Triangle  A  C  B  are  given,  AC  17,  CB20, 
and  the  Angle  ACB  equal  to  ioi°,  15  \  the  Diftance 
between  the  N  E  b  E  and  S  S  W  Lines.  Hence  by 
Cafe  4.  of  Oblique  Angular  Trigonometry  it  will  be 


As  the  Sum  of  the  Sides  AC  and  CB  37  1.56820 

is  to  their  Difference  -  3  0.47712, 

ib  is  the  Tang,  of  i  the  Sum  )  0  «j  QrQI4.17 

of  the  Angles  A  and  B  S  39  ’  1  *  *  *  7 

to  the  Tang,  of  half  their  Diff.  3  »  49  ”  8.82309 

confequently  the  Angle  A  will  be  43°’  11  ^  an<^ 
Angle  B  350,  34*  *  alfo  the  Bearing  of  B  from  A 
wilfbe  Sb  W  i°,  49',  Wefterly,  and  the  Bearing 
of  A  from  B  will  be  N  b  E  i°,  49',  Eafterly. 


Then  for  the  Diftance  A  B  it  will  be,  by  Cafe  2.  of 
Oblique  Angular  Trigonometry , 

S.  A  : 


! 


i.  e.  As  the  Sine  of  A 
is  to  C  B  - 
fo  is  the  Sine  of  C  - 
to  A  B  -  -  -  - 


the  Diftance  between  the  two  Headlands. 

P  R  O  B.  3. 

Coafting  along  the  Shore  I  faw  two  Headlands,  the 
firft  bore  from  meNW^N,  and  the  fecond  NNE; 
then  Handing  away  E  4  Northerly  20  Miles,  I 
found  the  firft  bore  from  me  W  N  W  4.  Wefterly, 
and  the  fecond  N  b  W  4.  Wefterly.  Required  the 
Bearing  and  Diftance  of  thefe  two  Headlands. 

Geometrically. 


Having  drawn  the  Compafs  NWSE,  let  C  repre- 
fent  the  firft  Place  of  the  Ship,  from  which  draw  the 


NW^N  Line  C B,  and  the  N N E  Line  C D,  alfo 
the  E£  N  ~  N  Line  C  A,  which  make  equal  to  20. 

U  3  From 


< 


20^  Oblique  Sailing. 

From  A  draw  AB  parallel  to  the  WNW4.W  Line, 
and  A  D  parallel  to  the  N  b  W  4  W  meeting  the  two 
firft  Lines  in  the  Points  B  and  D  •,  then  B  will  be 
the  firft  and  D  the  fecond  Headlands.  Join  the 
Points  B  and  D,  and  B  D  will  be  the  Diftance  be¬ 
tween  them,  and  the  Angle  C  D  B  the  Bearing  from 
the  N  N  E  Line,  to  find  which 

By  Calculation . 

1.  In  the  Triangle  ABC  are  given  the  Angle 
B  C  A,  equal  to  104°,  04',  the  Diftance  between 
the  NWiN  Line,  and  the  ENE^E  Line,  the  Angle 
B  AC  equal  to  36°,  34',  the  Diftance  between  the 
W  S  W  4  W  Line  and  the  W  N  W  4.  W  Line,  the 
Angle  ABC  equal  to  390,  22',  the Diftapce  between 
the  ESE4-E  Line,  and  the  S  W  b  S  Line,  alfo  the 
Side  C  A  equal  to  20  Miles,  whence  for  C  B  it  will 
be  (by  Cafe  2.  of  Oblique  trigonometry) 

As  the  Sine  of  C  B  A  -  390,  22'  -  9.80228 

is  to  AC  -  -  -  -  -  20  -  -  1. 30103 

fo  is  the  Sine  of  C  A  B  -  36°,  34'  r  -  9.77507 

to  CB  -  -  -  -  -  -  18.79  -  1.27382 

the  Diftance  between  the  firft  Headland,  and  the 

the  Ship  in  her  firft  Station. 

2.  In  the  Triangle  A  CD,  are  given  the  Angle 
A  C  D  equal  to  47'%  49',  the  Diftance  between  the 
E  N  E  i  E  Line,  and  the  N  N  E  Line,  the  Angle 
CAD  equal  to  920,  49',  the  Diftance  between  the 
WSW|W  Line,  and  the  NJWiW  Line,  the 
Angle  C  DA  equal  to  390,  22',  the  Diftance  be- 
tween  the  8  S  W  Line,  and  the  S  b  E  4  E  Line,  alfo 
the  Leg  C  A  equal  to  20. 

Hence  for  CD  it  will  be  {by  Cafe  2.  of  Oblique 

•  s  •*  '  *  ‘  ‘  * 
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As  the  Sine  CAD  -  -  39°,  22'  -  9.80228 

is  to  AC  -  -  20  1. 30103 

fo  is  the  Sine  of  CAD  -  92 °,  34'  -  9.99960 

toCD . 31-5  -  -  14983.5 

the  Diftance  between  the  fecond  Headland,  and  the 
Ship  in  her  firft  Station. 

3.  In  the  Triangle  B  C  D  are  given  B  C  18.79, 
CD  3 1.5,  and  the  Angle  BCD  equal  to  56°,  15', 
the  Diftance  between  the  NW^N  Line,  and  the 
NNE  Line. 

Hence  for  the  Angle  C  D  B  it  will  be,  (by  Cafe  4. 
of  Oblique  Trigonometry ) 


As  the  Sum  of  the  Sides  -  50.29 

is  to  the  Difference  of  Sides  12.71 
fo  is  Tangent  of  4  Sum  1 
of  the  unknown  Angles  5 
to  Tang,  of  half  their  Diff.  25,  18 

confequently  the  Angle  CBD  is  87°, 


1.70148 
1 . 1 04 15 

6i°,  52'  -  10.27189 

-  9*6745£> 

io7,  and  the 


Angle  CDB360,  35'.  Hence  the  Bearing  of  the 
firft  Headland  from  the  fecond  will  be  S  590,  87, 
W  orSW£W4-W  nearly,  and  for  the  Diftance 
between  them  it  will  be 


As  the  Sine  of  B  D  C  -  36°,  35 7  -  9.77524 
istoBC  -  -  -  -  -  18.79  -  -  1.27382 

fo  is  the  Sine  of  B C D  -  56°,  157  -  9*9*985 

to  B  D  -  -  -  -  26.21  -  -  1.41843 

the  Diftance  between  the  two  Headlands. 


This,  and  the  firft  Problem,  are  of  great  Ufe  in 
drawing  the  Plot  of  any  Harbour,  or  laying  down 
any  Sea  Coaft. 

P  R  O  B.  4. 

Suppofe  a  Ship  that  makes,  her  Way  good  within 
6  ~  Points  of  the  Wind,  at  North,  is  bound  to  a 
Port  bearing  Eaft  8  6  Miles  Diftance  from  her.  Rc- 

U  4  quired 
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quired  the  Courfe  and  Diftance  upon  each  Tack,  to 
gain  the  intended  Port. 

Geometrically . 

Having  drawn  the  Compafs  NES  W,  let  C  repre- 
fent  the  Ship’s  Place,  and  let  off  upon  the  Eaft  Line 
•  CA  86  Miles,  fo  A  will  be  the  intended  Port.  Draw 
CD  and  C  B  on  each  Side  of  the  North  Line  at  6  4 
Points  Diftance  from  it,  and  thro’  A  draw  A  B  paral¬ 


lel  to  C  D  meeting  C  B  in  B  then  the  EN  E  4-  E  Line 
C  B,  will  be  the  Courfe  of  the  Ship  upon  the  Star¬ 
board  Tack,  and  CB  it’s  Diftance  on  that  Tack*, 
alfo  the  E  S  E  4  E  Line  A  B,  will  be  the  Courfe  on 
the  Larboard  Tack,  and  B  A  the  Diftance  on  that 
Tack,  to  find  which 

By  Calculation. 

In  the  Triangle  ABC  are  given,  the  Angle  A C  B 
equal  to  160,  53 f,  the  Diftance  between  the  Eaft  and 
ENE  -4ELine,  the  Angle  C BA  equal  to  146°,  14*, 
the  Diftance  between  the  ENE  4-  E  and  the  WNW 
4  W  Lines,  the  Angle  B  AC  equal  to  16°,  53 7,  the 
Diftance  between  the  Eaft,  and  E  S  E  4  E  Lines,  alfo 
AC  86  Miles. 

Hence  fince  the  Angle  at  A  and  C  are  equal,  the 
Legs  C  B  and  BA  will  likewife  be  equal ;  to  find 
either  of  which  (fuppofe  C  B)  it  will  be,  by  Cafe  2. 
of  Oblique-Angled  Trigonometry^ 

As 
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As  the  Sine  of  B  -  146°,  14'  -  - 

is  to  AC  -  --  86--- 

fo  is  the  Sine  of  A  -  16,  53 

to  C  B  -  -  -  -  -  44-94  “  -  - 

the  Diftance  the  Ship  muft  fail  on  each  Tack. 

There  is  a  great  Variety  of  iifeful  Queftions  of  this 
Nature  that  may  be  propofed,  but  the  Nature  of  them 
being  better  underftood  by  Practice  at  Sea,  we  fhall 
leave  them  and  go  on  to  Current  Sailing. 


SECT.  XII. 

Concerning  Currents,  and  how  to  make  proper  Allow¬ 
ances  for  them. 

1.  RRENT S  are  certain  Settings  of  the 

Stream ,  by  which  all  Bodies  (as  Ships,  &V.) 
moving  therein,  are  compelled  to  alter  their  Courfe 
or  Velocity,  or  both  *,  and  fubmit  to  the  Motion  im- 
prefled  upon  them  by  the  Current. 

.  .  *  ^ 

CASE  1. 

If  the  Current  fets  juft  with  the  Courfe  of  the  Ship, 
(i.  e.)  moves  on  the  fame  Rumb  with  it  then  the 
Motion  of  the  Ship  is  increafed,  by  as  much  as  is  the 
Drift  or  Velocity  of  the  Current. 

Example. 

Suppofe  a  Ship  fails  S  E  h  S  at  the  rate  of  6  Miles 
an  Flour,  in  a  Current  that  fets  S  E  h  S  2  Miles  an 
Hour.  Required  her  true  rate  of  failing. 

Here  it  is  evident  that  the  Ship’s  true  rate  of  fail¬ 
ing,  will  be  8  Miles  an  Flour. 

CASE 
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CASE  2. 

If  the  Current  fets  diredtly  againft  the  Ship’s  Courfe, 
then  the  Motion  of  the  Ship  is  leffened  by  as  much 
as  is  the  Velocity  of  the  Current . 

Example, 

r 

Suppofe  a  Ship  fails  S  S  W  at  the  rate  of  10  Miles 
an  Hour,  in  a  Current  that  fets  NNE.6  Miles  an 
Hour.  Required  the  Ship’s  true  rate  of  failing. 

Here  it  is  evident  that  the  Ship’s  true  rate  of  fail¬ 
ing  will  be  4  Miles  an  Hour.  Hence  it  is  plain, 

Cor.  1.  If  the  Velocity  of  the  Current  be  lefs  than 
the  Velocity  of  the  Ship,  then  the  Ship  will  get  fo 

much  a  Head  as  is  the  Difference  of  thefe  V elocities. 

* 

Cor.  2.  If  the  Velocity  of  the  Current  be  greater 
than  that  of  the  Ship,  then  the  Ship  will  fall  fo  much 
a  * Stern  as  is  the  Difference  of  thefe  Velocities. 

Cor.  3.  Lafily,  If  the  Velocity  of  the  Current  be 
equal  to  that  of  the  Ship,  then  the  Ship  will  Hand 
Hill ;  the  one  Velocity  deftroying  the  other. 

CASE  3. 

If  the  Current  thwarts  the  Courfe  of  the  Ship,  then 
it  not  only  leffens  or  augments  her  Velocity,  but  gives 
her  a  new  Diredlion  compounded  of  the  Courfe  fhe 
fleers,  and  the  Setting  of  the  Current ,  as  is  manifeft 
from  the  following 

Lemma. 


If  a  Body  at  A  be  impelled  by  two  Forces  at 
the  fame  Time,  the  one  in  the  Diredlion  A  B  ca- 
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jpable  to  carry  that  Body  from  A  to  B  in  a  certain 
Space  of  Time,  and  the  other  in  ^  £ 

the  Dire&ion  AD  capable  to  carry 
it  from  A  to  D  in  the  fame  Time: 

Complete  the  Parallelogram  A  B 
CD,  and  draw  the  Diagonal  AC ; 
then  the  Body  at  A  agitated  by 
thefe  two  Forces  together,  will 
move  along  the  Line  A  C,  and 
will  be  in  the  Point  C  at  the  End  E 
,of  the  Time  in  which  it  would  have  moved  along 
A  D  or  A  B  with  the  Forces  feparately  applied. 

Hence  the  Solution  of  the  following  Examples  will 
be  evident. 

Example  1. 

Suppofe  a  Ship  fails  (by  theCompafs)  direftly  South 
96  Miles  in  24  Hours,  in  a  Current  that  fets  Eaft  45 
Miles  in  the  fame  Time.  Required  the  Ship’s  true 
Courfe  and  Diftance. 

Geometrically . 

Draw  A  D  (fee  the  laft  Scheme)  to  reprefent  the 
South  and  North  Line  of  the  Ship  at  A,  which  make 
equal  to  96 ;  from  D  draw  DC  perpendicular  to  A D 
equal  to  45,  and  join  AC.  Then  C  will  be  the  Ship’s 
true  Place,  A  C  her  true  Diftance,  and  the  Angle 
CAD  the  true  Courfe.  To  find  which 

By  Calculation. 

Firft,  For  the  true  Courfe  D  A  C,  it  will  be,  by 
Cafe  4.  of  Re  51  angular  trigonometry. 

As  the  apparent  Diftance  A  D  -  96  -  1.98227 

is  to  the  Current’s  Motion  DC  -  45  -  1.65 321 

fq 
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fo  is  Radius  ------ 

to  the  Tangent  of  the  true  ?  o 
Courfe  DAC  -  -  5  ^  5 


o  7 


10.00000 
-  9-67094 


confequently  the  Ship’s  true  Courfe  isS  250,  07  ^  E 
orSSE2°,  37',  Eafterly. 


Then  for  the  true  Diftance  A  C,  it  will  be,  by 
Cafe  2.  of  Rectangular  Trigonometry , 

As  the  Sine  of  the  Courfe  A  250,  07^  9.62784 

is  to  the  Departure  D  C  -  45  -  -  1.65321 

fo  is  Radius  -  --  --  --  -  10.00000 

to  the  true  Diftance  A  C  -  106  -  -  2.02537 

1 

Example  2. 

Suppofe  a  Ship  fails  SE  120  Miles  in  20  Hours, 
in  a  Current  that  fets  W  b  N  at  the  rate  of  2  Miles 
an  Hour.  Required  the  Ship’s  true  Courfe  and  Di¬ 
ftance  failed  in  that  Time. 

7  *  ,  \ 

Geometrically . 

Having  drawn  the  Compafs  N  E  S  W,  let  C  re- 
prefent  the  Place  the  Ship  failed  from  *,  draw  the  SE 


TV 


Line  C  A,  which  make  equal  to  120  j  then  will  A 
be  the  Place  the  Ship  caped  at. 


From 


^  Oi 
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From  A  draw  A  B  parallel  to  the  W£N  Line  CD, 
equal  to  40,  the  Motion  of  the  Current  in  20  Hours, 
and  join  C  B  ;  then  B  will  be  the  Ship’s  true  Place  at 
the  End  of  20  Hours,  CB  her  true  Diftance,  and  the 
Angle  S  C  B  her  true  Courfe.  To  find  which 


By  Calculation, 

In  the  Triangle  ABC,  are  given  CA  120,  AB  40, 
and  the  Angle  CAB  equal  to  34°,  45',  the  Diftance 
between  the  E  b  S  and  S  E  Lines,  to  find  the  Angles 
B  and  C,  and  the  Side  C  B. 


Firfti  For  the  Angles  C  and  B  it  will  be,  by  Cafe  4. 
of  Oblique  Trigonometry , 

As  the  Sum  of  the  Sides  C  A  and  AB  160  2.20412 
is  to  their  Difference  -  -  -  -  80  1*90309 

fo  is  the  Tang,  of  half  the  Sum  lot 
of  the  Angles  B  and  C  -  *73°, 07^10.5.783 

to  the  Tang,  of  half  their  Diff.  59°>45*  10.21680 

confequently  the  Angle  B  will  be  13 1°,  52^  and 
the  Angle  ACB  14°,  23^.  Hence  the  true  Courfe 
is  S  30°,  37 r  E,  or  SSE  20,  07' Eafterly. 


Then  for  the  true  Diftance  C  B,  it  will  be,  by 
Cafe  2,  of  Oblique  Trigonometry , 

As  the  Sine  of  B  -  -  1310,  52^  -  9.87198 

is  to  AC  -----  120  -  -  2.07918 

lo  is  the  Sine  of  A  -  -  330,  45'  -  9.74474 
to  the  true  Diftance  CB  -  89.53  -  -  1.9519 4 

Example  3. 

1 

Suppofe  a  Ship  coming  out  from  Sea  in  the  Night, 
has  fight  of  Scilly  Light,  bearing  NE^N  Diftance 
Leagues,  it  being  then  Flood  Tide  fetting  E  N  E 
Miles  an  Flour,  and  the  Ship  running  after  the 
rate  of  5  Miles  an  Hour.  Required  upon  what 

Courfe 


m 


Geometrically. 

% 

Having  drawn  the  Compafs  NESW,  let  A  re- 
prefent  the  Ship’s  Place  at  Sea,  and  draw  the  NE^N" 
Line  A  S,  which  make  equal  to  1 2  Miles,  fo  S  will 
reprefent  Scilly. 

From  S  draw  SL  equal  to  51  Miles,  and  parallel 
to  the  E  i  S  Line  j  then  L  will  reprefent  the  Lizard. 


XV 


From  L  draw  LC  parallel  to  the  ENE  Line,  equal 
to  2  Miles,  and  from  C  draw  C  D  equal  to  5  Miles 
meeting  A  L  in  D  ;  then  from  A  draw  A  B  parallel 
to  C  D  meeting  L  C  produced  in  B,  and  A  B  will  be 
the  required  Diftance,  and  SAB  the  true  Courfe. 
To  find  which 


By  Calculation. 


In  the  Triangle  ASL  are  given  the  Side.  AS  equal 
to  1 2  Miles,  the  Side  SL  equal  to  51,  and  the  Angle’ 
ASL  equal  to  1180,  07 the  Diftance  between  the 
NE^N  and  W  4  N  Lines,  to  find  the  Angles  SAL 
and  SLA.  Confequently,  by  Cafe  4.  of  Oblique 
'Trigonometry ,  it  will  be 

•  •  As 


•  ,m,»g 
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As  the  Sum  of  the  Sides  AS  and  SL  63  1.79934 

is  to  their  Difference  -  -  -  39  1.59106 

fo  is  the  Tang,  of  half  the  Sum  \  0 

of  the  Angles  SAL  and  SLA  J  3°  ?  5  9-777^3 

to  the  Tang,  of  half  their  Diff.  20°,  2E  9.56935 

confequently  the  Angle  SAL,  will  be  510,  17/,  and 
fo  the  diredf  Bearing  of  the  Lizard  from  the  Ship 
will  be  N  85°,  02 'E,  or  E£N  6°,  17'  E,  and  for 
the  Diftance  AL,  it  will  be,  by  Cafe  2.  of  Oblique 
Trigonometry , 


As  the  Sine  of  S  A  L  -  510,  17'  -  9-89223 

is  to  S  L  -  -  -  -  -  -  51  j  .70757 

fo  is  the  Sine  of  A  S  L  -  n8°,  07'  -  9-94546 
toAL  -  -  -  -  -  -  57.65  -  1.76080 

the  Diftance  between  the  Ship  and  the  Lizard . 


Again,  in  the  Triangle  DLC,  are  given  the  Angle 
L  equal  to  17°,  32 ;,  the  Diftance  between  the  ENE 
and  N  85°,  02 1  E  Lines,  the  Side  LC  equal  to  2 
Miles,  the  Current’s  Drift  in  an  Hour,  and  the  Side 
CD  equal  to  5  Miles  the  Ship’s  Run  in  the  fame  Time. 
Hence  for  the  Angle  D,  it  will  be,  by  Cafe  1 .  of  Ob¬ 
lique  Trigonometry , 

As  the  Ship’s  Run  in  1  Hour  DC  5  -  0.6989^ 

is  to  the  Sine  of  L  -  -  -  170,  32'  9.47894 

fo  is  the  Current’s  Drift  L  C  -  2  -  0.30103 

to  the  Sine  of  D  -  -  -  -  6°,  55'  9.08100 

-•confequently  fince  by  Conftru&ion  the  Angle  LAB 
is  equal  to  the  Angle  LDC,  the  Courfe  the  Ship 
muft  fteer  is  S  88°,  03 1  E. 


Then  for  the  Diftance  AB  it  will  be,  by  Cafe  2.  of 
Oblique  Trigonometry , 


As  the  Sine  of  B 
is  to  A  L  -  -  - 

fo  is  the  Sine  of  L 
to  A  B  -  -  -  - 


l55°->  33'  -  -  9-6i 689 

-  57-^5  -  -  -  J. 76080 

17.32  -  -  9.47894 

-  41.96  -  -  1.62285 

confequently 
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confequently  fince  the  Ship  is  failing  at  the  rate  of 
5  Miles  an  Hour,  it  follows  that  in  failing  8h,  241* 
S  88°,  03 ;  E,  fhe  will  arrive  at  the  Lizard. 


Example  4. 

A  Ship  from  a  certain  Headland  in  the  Latitude 
of  340,  co'  North,  fails  SE£S  12  Miles  in  three 
Hours,  in  a  Current  that  fets  between  North  and 
Eaft,  and  then  the  fame  Headland  is  found  to  bear 
WN  W,  and  the  Ship  to  be  in  the  Latitude  of  330, 
52'  North.  Required  the  Setting  and  Drift  of  the 
Current. 

Geometrically . 


N 


Having  drawn  the  Compafs  NESW,  let  A  repre- 
fent  the  Place  of  the  Ship,  and  draw  the  SE£S  Line 

A  B  equal  to  1 2  Miles,  alfo  the 
ESE  Line  AC. 

Set  off  from  A  upon  the  Me¬ 
ridian  A  D,  equal  to  8  Miles, 
E  the  Difference  of  Latitude,  and 
thro’  D  draw  D  C  parallel  to 
the  Eaft  and  Weft  Line  WE, 
meeting  AC  in  C.  Join  C  and 
B  with  the  right  Line  BC; 
then  C  will  be  the  Ship’s  Place,  the  Angle  ABC  the 
Setting  of  the  Current  from  the  SE£S  Line,  and  the 
Line  B  C  will  be  the  Drift  of  the  Current  in  3  Hours. 
To  find  which 


By  Calculation. 


In  the  Triangle  ADC,  right  angled  at  D,  are 
given  the  Difference  of  Latitude  AD  equal  to  8  Miles, 
the  Angle  DAC  equal  to  67°,  30  b  Whence  for  AC 
the  Difiance  the  Ship  has  failed,  it  will  be 


As 


2 


3°? 

10.00000 

0.90309 
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As  Radius  ------ 

is  to  the  Diff.  of  Latitude  A  D  - 
fo  is  the  Secant  of  the  Courfe  >  ,  „  ,  -  -  - 

D  A  C . J  67  >  3 o'  10.41716 

to  the  Diftance  run  A  C  -  -  20.9  -  1.32025 

Again,  in  the  Triangle  ABC,  are  given  AB  equal 

to  12  Miles,  AC  equal  to  20.9,  and  the  Angle  BAC 

equal  to  33 °,  45',  the  Diftance  between  the  S  E7S 

and  E  S  E  Lines.  Whence  for  the  Angle  at  B  it  will 
be. 

As  the  Sum  of  the  Sides  ACand  AB  32.0  1. 31720 
is  to  their  Difference  -  -  -  -  8.9  -  0.94939 

fo  is  the  Tang,  of  half  the  }' 

Sum  of  the  Angles  B  and  C  $  73  >07'  *  10.51806 

to  Tang,  of  4.  their  Diff.  41°,  43 /*  -  9.95025 

I  confcquently  the  Angle  B  is  1 140,  5,i,  and  fo  the 
letting  of  the  Current  will  beN  8 1  °,  06'  E  or  E£N 

2  °,  2 1 '  E.  Then  for  B  C  the  Current’s  Drift  in 

3  Hours  it  will  be. 

As  the  Sine  of  B  -  1140,  5*'  *  -  9-92700 

is  to  the  Diftance  run  A  C  20.9  r  -  1.32025 

fo  is  the  Sine  of  A  -  33*,  45'.  -  -  9-74474 
t°  B C  -----  ,2.8  -  -  i.,o7i9 

the  Current’s  Drift  in  g Hours,  and  confequently  the 
Current  fets  EJN  20,  2 1  /  E  4.266  Miles  an  Hour. 
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SECT.  XIII. 

Concerning  the  Variation  of  the  Compafs ,  and  how  to 
find  it  from  the  true  and  obferved  Amplitudes,  or 
Azimuths  of  the  Sun . 

i .  PTl  H  E  Variation  of  the  Compafs  is  how  far  the 
North  or  South  Point  of  the  Needle  ftands 
from  the  true  South  or  North  Point  of  the  Horizon 
towards  the  Eaft  or  Weft;  or  ’tis  an  Arch  of  the 
Horizon  intercepted  between  the  Meridian  of  the 
Place  of  Obfervation  and  the  magnetic  Meridian. 

2.  It  is  abfolutely  neceffary  to  know  the  Variation 
of  the  Compafs  at  Sea,  in  order  to  corredl  the  Ship’s 
Courfe ;  for  fince  the  Ship’s  Courfe  is  dire&ed  by  the 
Compafs,  ’tis  evident  that  if  the  Compafs  be  wrong 
the  true  Courfe  will  differ  from  the  obferved,  and 
confequently  the  whole  Reckoning  differ  from  the 
Truth. 

3.  The  Sun’s  true  Amplitude  is  an  Arch  of  the  Ho¬ 
rizon  comprehended  between  the  true  Eaft  or  Weft 
Point  thereof,  and  the  Center  of  the  Sun  atRifing  or 
Setting ;  or  it  is  the  Number  of  Degrees,  &c.  that 
the  Center  of  the  Sun  is  diftant  from  the  true  Eaft 
or  Weft  Point  of  the  Horizon,  towards  the  South 
or  North. 

4.  The  Sun’s  magnetic  Amplitude  is  the  Number  of 
Degrees  that  the  Center  of  the  Sun  is  from  the  Eaft 
or  Weft  Point  of  the  Compafs,  towards  the  South  or 
North  Point  of  the  fame  at  Rifing  or  Setting. 

5.  Having  the  Declination  of  the  Sun,  together  with 
the  Latitude  of  the  Place  of  Obfervation,  we  may 
from  thence  find  the  Sun!s  true  Amplitude,  by  the 
following  aftronomic  Propofition,  viz . 

As  the  Co-fine  of  the  Latitude 
is  to  the  Radius 

fi 
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fo  is  the  Sine  of  the  Sun's  Declination 
to  the  Sine  of  the  Sun's  true  Amplitude 

which  will  be  North  or  South  according  as  the  De¬ 
clination  is  North  or  South. 


Example . 


Required  the  Sun’s  true  Amplitude  in  the  Latitude 
of  41°,  50'  North,  on  the  23d  Day  of  April  1731. 

Fir  ft  ^  I  find  from  the  third  Table  at  the  End  of  this 
Book,  that  the  Sun’s  Declination  the  23d  of  April 
1731,  is  150,  54'  North,  then  for  the  true  Ampli¬ 
tude  it  will  be,  by  the  former  Analogy, 

As  the  Co-fine  of  the  Lat.  410,  50^  -  9.87221 

is  to  Radius  -  -  -  -  -  io.oooco 

fo  is  the  Sine  of  the  Deck  150,  54'  -  9.43769 

to  the  Sine  of  the  Amplit.  210,  35'  -  9.565 

which  is  North,  becaufe  the  Declination  is  North  at 
that  Time  •,  and  confequently  in  the  Latitude  of 
41  °,  50 f  North,  the  Sun  rifes  on  the  23d  of  April 
1731,  2i°,  35 from  the  Eaft  Part  of  the  Hori¬ 
zon  towards  the  North,  and  fets  fo  much  from  the 
Weft  the  fame  Way. 

6.  The  Sun’s  true  Azimuth  is  the  Arch  of  the  Ho¬ 
rizon  intercepted  between  the  Meridian  and  the  ver¬ 
tical  Circle  palling  thro’  the  Centre  of  the  Sun  at  the 
Time  of  Obfervation. 

7.  The  Sun’s  magnetic  Azimuth  is  the  Arch  of  the 
Horizon  intercepted  between  the  magnetic  Meridian 
and  the  Vertical,  palling  thro’  the  Sun. 

8.  Having  the  Latitude  of  the  Place  of  Obferva¬ 
tion,  together  with  the  Sun’s  Declination  and  Alti¬ 
tude  at  the  Time  of  Obfervation,  we  may  find  his 
true  Azimuth  after  the  following  Method,  viz. 

X  2  Make 
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Make  it, 

As  the  Tangent  of  half  the  Complement  of  the  Latitude 
is  to  theTangent  of  half  the  Sum  of  the  Difiance  of  the 
Sun  from  the  Pole  and  Complement  of  the  Altitude . 
fo  is  the  Tangent  of  half  the  Difference  between  the  Di¬ 
pt  ance  of  the  Sun  from  the  P ole  and  Complement  of  the 

Altitude  -  --  --  --  - 

to  the  T angent  of  a  fourth  Arch 

which  fourth  Arch  added  to  half  the  Complement 
of  the  Latitude  will  give  a  fifth  Arch,  and  this  filth 
Arch  leffened  by  the  Complement  of  the  Latitude 
will  give  a  fixth  Arch  ^  then  make  it 

As  the  Radius  ------ 

is  the  Tangent  of  the  Altitude 
fo  is  the  Tangent  of  the  fixth  Arch 
to  the  Co-fime  of  the  Suns  Azimuth 

which  is  to  be  counted  from  the  South  or  North,  to 
the  Eaft  or  Weft  according  as  the  Sun  is  fituated 
with  refpedt  to  the  Place  of  Obfervation. 

If  the  Latitude  of  the  Place  and  Declination  of  the 
Sun  be  both  North  or  both  South,  then  the  Declina¬ 
tion  taken  from  90°  will  give  the  Sun’s  Diftance  from 
the  Pole*,  but  if  the  Latitude  and  Declination  be  on 
contrary  Sides  of  the  Equator,  then  the  Declination 
added  to  90°  will  give  the  Sun’s  Diftance  from  the 
neareft  Pole  to  the  Place  of  Obfervation. 

Example. 

In  the  Latitude  of  5 1 ' 0 ,  3  2 1  North,  the  Sun  having 
19°,  39'  North  Declination,  his  Altitude  was  found 
by  Obfervation  to  be  38  1 8  L  Required  the  Azi¬ 

muth. 

By 
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By  the  firft  of  the  foregoing  Analogies,  it  will  be 

As  the  Tangent  of  ~  the  Com-  \  0  . 

plement  of  the  Latitude  3  1 9  ?  r4  9*  54 2  69 
is  to  the  Tangent  of  4  theSumT 
of  the  Diftance  of  the  Sun  /  ^ 
from  the  Pole  and  Comple-f  1  55  01  10,2 5  55 
ment  of  the  Altitude  -  J 
fo  is  the  Tangent  of  half  their  > 

Difference  -  -  -  -  }  9  »  19  9-2H99 

to  the  Tang,  of  a  4/^  Arch  40  „  20  9.92885 

which  fourth  Arch  40 °,  20',  added  to  190,  14',  half 
the  Complement  of  the  Latitude,  give  a  fifth  Arch 
590,  34',  and  this  fifth  Arch  leffened  by  38°,  28', 
the  Complement  of  the  Latitude,  gives  the  fixth 
Arch  2  1  u,  06^;  then  for  the  Azimuth  it  will  be 
by  the  fecond  of  the  preceding  Analogies, 

As  Radius  -  -  -  -  -  10.00000 

is  to  the  Tang,  of  the  Altitude  38°,  i  Sf  9.897 49 
fo  is  the  Tang,  of  the  fixth  Arch  2  j„o6  -  9.58644 
to  the  Co-fine  of  the  Azimuth  72,,!  5  -  9.48393 

which,  becaufe  the  Latitude  is  North  and  the  Sun 
South  of  the  Place  of  Obfervation,  muff  be  counted 
from  the  South  towards  the  Eaft  or  Weft  •,  and 
confequently  if  the  Altitude  of  the  Sun  was  taken 
in  the  Morning,  the  Azimuth  will  be  S  720,  15' 
E,  or  E  SE  4q,  45;  E  ;  but  if  the  Altitude  was 
taken  in  the  Afternoon,  the  Azimuth  will  be  S 
7 20,  1  f  W,  or  WSW  40,  45'  Wefterly. 

9.  Having  found  the  Sun’s  true  Amplitude  or 
Azimuth  by  the  preceding  Analogies,  and  his 
magnetic  Amplitude  or  Azimuth  by  Obfervation, 
ftis  evident  if  they  agree  there  is  no  Variation  \  but 
if  they  difagree,  then  if  the  true  and  obferved  Am¬ 
plitudes  at  the  Rifing  or  Setting  of  the  Sun,  be  both 

X  3  of 
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of  the  lame  Name,  i.  e.  either  both  North,  or  both 
South,  their  Difference  is  the  V ariation :  But  if  they 
be  of  different  Names,  i.  e.  one  North  and  the  other 
South,  their  Sum  is  the  Variation.  Again,  if  the 
true  and  obferved  Azimuths  be  both  of  the  fame 
Name,  i.  e.  either  both  Eaft  or  both  Weft,  their  Dif¬ 
ference  is  the  Variation  \  but  if  they  be  of  different 
Names,  their  Sum  is  the  Variation :  And  to  know 
whether  the  Variation  is  Eafterly  or  JV ifterly^  obferve 
this  general  Rule,  viz. 

Let  the  Obferver’s  Face  be  turned  to  the  Sun,  then 
if  the  true  Amplitude  or  Azimuth  be  to  the  right 
Hand  of  the  obferved,  the  Variation  is  Eafterly  *,  but 
if  to  the  left,  Wefterly. 

To  explain  which,  let  N  E  S  W  reprefent  a  Com¬ 
pafs,  and  fuppofe  the  Sun  is  really  E  h  S  at  the  Time 
of  Obfervation,  but  the  Obferver  fees  him  off  the 


N 


Eaft  Point  of  the  Compafs,  and  fo  the  true  Amplitude 
or  Azimuth  of  the  Sun,  is  to  the  right  of  the  Magnetic, 
or  obferved ;  here  ?tis  evident  that  the  E  h  S  Point 

of 
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of  the  Compafs  ought  to  lie  where  the  Eaft  Point  is, 
and  fo  the  North  where  the  N  b  W  is  *,  confequently 
the  North  Point  of  the  Compafs  is  a  Point  too  far 
Eaft,  i.  e.  the  Variation  in  this  Cafe  is  Eafterly. 
The  fame  will  hold  when  the  Amplitude  or  Azimuth 
is  taken  on  the  Weft  Side  of  the  Meridian. 

Again,  let  the  true  Amplitude  or  Azimuth  be  to 
the  left  Hand  of  the  obferved  •,  thus  fuppofe  the  Sun 
is  really  E£N  at  the  Time  of  Obfervation,  but  the 
Obferver  lees  him  off  the  Eaft  Point  of  the  Compafs, 
and  fo  the  true  Amplitude  or  Azimuth  to  the  Left 
of  the  obferved :  Here  it  is  evident  that  the  E  h  N 
Point  of  the  Compafs  ought  to  ftand  where  the  Eaft 
Point  is,  and  fo  the  North  where  the  N  h  E  Point  is  *, 
confequently  the  North  Point  of  the  Compafs  lies 
a  Point  too  far  Wefterly,  fo  in  this  Cafe  the  Varia¬ 
tion  is  Weft.  The  fame  will  hold  when  the  Sun  is 
obferved  on  the  Weft  Side  of  the  Meridian. 


Example  1. 

Suppofe  the  Sun’s  true  Amplitude  at  Rifing  is 
found  to  be  E  140,  20'  N,  but  by  the  Compafs  it  is 
found  to  be  E  26°,  12K  Required  the  Variation, 
and  which  Way  it  is. 

Since  they  are  both  the  fame  Way,  therefore 

From  the  magnetic  Amplitude  -  E  26°,  12' N 
take  the  true  Amplitude 

and  there  remains  the  Variation 

which  is  Eafterly,  becaufe  in  this  Cafe  the  true 
Amplitude  is  to  the  Right  of  the  obferved. 


X  4 
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/ 

/ 

Example  2.  / 

Suppofe  the  Sun’s  true  Amplitude  atlsetting  is  W 
34°,  2 6'  S,  and  his  magnetic  AmplitudeW  23°,  13' 
S.  Required  the  Variation  and  which  Way  it  is. 

Since  they  lie  both  the  fame  Way,  therefore 

From  the  Sun’s  true  Amplitude  -  W  340,  2 6f  S. 
take  the  magnetic  Amplitude  -  W  23  ,  13  S. 

there  remains  the  Variation  -  -  11  ,  13  W. 

which  is  Welterly,  becaufe  the  true  Amplitude,  in 
this  Cafe,  is  to  the  left  Hand  of  the  obferved. 

«  i 

*  ’ 

Example  3. 

Suppofe  the  Sun’s  true  Altitude  at  Rifing  is  found 
to  be  E  130,  24'  N,  and  his  Magnetic  E  120,  32'  S. 
Required  the  Variation,  and  which  Way  it  lies. 

Since  the  true  and  obferved  Amplitudes  lie  diffe¬ 
rent  W ays,  therefore 

To  the  true  Amplitude  -  -  -  E  13°,  24'  N. 
add  the  magnetic  Amplitude  -  E  12  ,  32  S. 

the  Sum  is  the  Variation  »  -  -  25  ,  56  W. 

which  is  Wefterly,  becaufe  the  true  Amplitude  is, 
in  this  Cafe,  to  the  Left  of  the  obferved. 

Example  4. 

Suppofe  the  Sun’s  true  Amplitude  at  Setting  is  found 
to  be  W  8°,  24'  N,  but  his  magnetic  Amplitude  is 
W  io°,  13/  S.  Required  the  Variation. 
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To  the  true  Amplitude  -  -  -  W  8°,  24 1  N. 

add  the  Magnetic  -  -  -  W  10  ,  13  S, 

the  Sum  is  the  Variation  -  -  -  18,  37  E. 

which  is  Eafterly,  becaufe  the  true  Amplitude  is  to 
the  Right  of  the  obferved. 

1 

Example  5. 

Suppofe  the  Sun’s  true  Azimuth  at  the  Time  of 
Obfervation,  is  found  to  be  N  86°,  40'  E,  but  by 
the  Compafs  it  is  N  73  °,  24'  E.  Required  the  Va¬ 
riation,  and  which  Way  it  lies. 

From  the  Sun’s  true  Azimuth,  -  N  86°,  40 ;  E. 

take  the  Magnetical,  -  -  -  N  73  ,  24  E. 

there  remains  the  Variation,  -  -  13  ,  16  E. 

which  is  Eafterly,  becaufe  the  true  Azimuth  is  to 
the  Right  of  the  obferved. 

1 

Example  6. 

Suppofe  the  Sun’s  true  Azimuth  isS  30,  24'  E. 
and  the  Magnetical  S  40,  36^  W.  Required  the 
Variation,  and  which  Way  it  lies. 

■ 

To  the  true  Azimuth  -  -  -  -  S  30,  24'  E. 

add  the  magnetical  Azimuth  -  -  S  4  ,  3  6  W. 

the  Sum  is  the  Variation  -  -  -  8  ,  00  W. 

-  *  < 

which  is  Wefterly,  becaufe  the  true  Azimuth  is,  in 

this  Cafe,  to  the  Left  of  the  obferved. 

» 

10.  The  Variation  of  the  Compafs  was  firft 
obferved  a t  London,  in  the  Year  1580,  to  be  ixc>, 

35; 
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if  Eafterly,  and  in  the  Year  1622  it  was  6°, 
o* 1  E,  alfo  in  the  Year  1634,  it  was  40,  of  E, 
fbill  decreafing,  and  the  Needle  approaching  the 
true  Meridian,  till  it  Coincided  with  it,  and  then 
there  was  no  Variation;  after  which,  the  Variation 
began  to  be  Wefterly,  and  in  the  Year  1672,  it  was 
obferved  to  be  20,  30*  W,  alfo  in  the  Year  1683,  it 
was  40,  30 1 W,  and  fince  that  Time  the  Variation  fbill 
continues  at  London  to  increafe  Wefterly  *,  but  how 
far  it  will  go  that  Way,  Time  and  Obfervations  will 
probably  be  the  only  means  to  difcover. 

Again,  at  Paris,  in  the  Year  1640,  the  Variation 
was  30,  oor  E,  and  in  the  Year  1666,  there  was  no 
Variation-,  but  in  the  Year  1681,  it  was  20,  30 ;W, 
and  ftill  continues  to  go  Wefterly. 

In  ftiort,  from  Obfervations  made  in  different  Parts 
of  the  World,  it  appears,  that  in  different  Places  the 
Variation  differs  both  as  to  it’s  Quantity  and  Deno¬ 
mination,  it  being  Eaft  in  one  Place,  and  Weft  in 
another ;  the  true  Caufe  and  Theory  of  which,  for 
want  of  a  fufficient  Number  of  Obfervations,  has  not 
as  yet  been  fully  explained. 


SECT.  XIV. 

The  Method  of  Keeping  a  Journal  at  Sea ,  and  how  to 
Correct  it,  by  making  proper  Allowances  for  the  Lee- 
way,  Variation,  &V. 

i.T  EE  -TV AT  is  the  Angle  that  the  Rumb- 

I  j  Line  upon  which  the  Ship  endeavours  to 
fail,  makes  with  the  Rumb  Ihe  really  fails  upon. 
This  is  occafioned  by  the  Force  of  the  Wind,  or 
Surge  of  the  Sea,  when  fhe  lies  to  the  windward, 
or  is  clofe  hauled,  which  caufes  her  to  fall  off  and 

glide 
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glide  fide- ways  from  the  Point  of  the  Compafs  fhe 
capes  at.  Thus  let  N  E  S  W  reprefent  the  Compafs 
and  fuppofe  a  Ship  at 
C  capes  at,  or  endea¬ 
vours  to  fail  upon,  the 
Rumb  C  a  ;  but  by 
the  Force  of  the  Wind, 
and  Surge  of  the  Sea, 

Ihe’s  obliged  to  fall 
off,  and  make  her  Way 
good  upon  the  Rumb 
C  b  \  then  the  Angle 
a  C  b  is  the  Lee-way  y 
and  if  that  Angle  be 
equal  to  one  Point,  the  Ship  is  faid  to  make  one  Point 
Lee-way ,  and  if  equal  to  two  Points,  the  Ship  is  faid 
to  make  two  Points  Lee-way ,  &c. 

2.  The  Quantity  of  this  Angle  is  very  uncertain, 
becaufe  fome  Ships,  with  the  fame  Quantity  of  Sail, 
and  with  the  fame  Gale,  will  make  more  Lee-way 
than  others ;  it  depending  much  upon  the  Mould 
and  Trim  of  the  Ship,  and  the  Quantity  of  Water 
that  (he  draws.  The  common  Allowances  that  are 
generally  made  for  the  Lee-way ,  are  as  follow : 

1.  If  a  Ship  be  clofe  hauled,  has  all  her  Sails  fet, 
the  Water  fmooth,  and  a  moderate  Gale  of  Wind, 
fhe  is  then  fuppofed  to  make  little  or  no  Lee-way. 

2.  If  it  blow  fo  frefh  as  to  caufe  the  fmall  Sails  to 
be  handed,  ’tis  ufual  to  allow  one  Point. 

3.  If  it  blow  fo  hard  that  the  Top-fails  muff  be 
clofe  reeft,  then  the  common  Allowance  is  two  Points 
for  Lee-way . 

4.  If  one  Top-fail  muff  be  handed,  then  the  Ship 
is  fuppofed  to  make  between  two  and  three  Points 
Lee-way. 

5.  When 


/ 


N 
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5.  When  both  Top-fails  muft  be  handed,  then  the 
Allowance  is  about  four  Points  for  Lee-way. 

6.  If  it  blows  fo  hard,  as  to  occafion  the  Fore- 
Courfe  to  be  handed,  the  Allowance  is  between  £  JL 
and  6  Points. 

7.  When  both  Main  and  Fore-Courfes  muft  be 
handed,  then  6  or  6  1  Points  are  commonly  allowed 
for  Lee-way . 

8.  When  the  Mizen  is  handed,  and  the  Ship  is  try¬ 
ing  a  Hull,  ftie  is  then  commonly  allowed  about  7 
Points  for  Lee-way. 

3.  Though  theie  Rules  are  luch  as  are  generally 
made  ufe  of,  yet  fince  th t Lee-way  depends  much  upon 

the’ -Mould  and  Trim 
of  the  Ship,  ’tis  evident 
that  they  can’t  exadliy 
ferve  to  every  Ship  *,  and 
therefore  the  belt  Way 
is  to  find  it  by  Obfer- 
vation :  Thus,  let  the 
Ship’s  JVake  be  fet  by 
a  Compafs  in  the  Poop^ 
and  the  oppofite  Rumh 
is  the  true  Courfe  made 
good  by  the  Ship ;  then 
the  Difference  between 
this  and  the  Courfe 
given  by  the  Compafs  in 
t htBittacle,  is  the  Lee-way  required.  If  the  Ship  be 
within  Sight  of  Land ;  then  the  Lee-way  may  be  ex- 
attly  found  by  obferving  a  Point  on  the  Land  which 
continues  to  bear  the  fame  Way,  and  the  Diftance  be¬ 
tween  the  Point  of  the  Compafs  it  lies  upon,  and  the 
Point  the  Ship  capes  at,  v/ill  be  the  Lee-way.  Thus, 
fuppofe  a  Ship  at  C,  is  lying  up  N  h  W  towards  A  \ 

but 
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but  inftead  of  keeping  that  Courfe,  fhe  is'  carried 
on  the  NNE  Line  C B,  and  confequently  the  Point 
B  continues  to  bear  the  fame  Way  from  the  Ship : 
Here  ’tis  evident,  that  the  Angle  A  C  B,  or  the  Di- 
fiance  between  the  N  b  W  Line  that  the  Ship  capes 
at,  and  the  NNE  Line  that  the  Ship  really  fails 
upon,  will  be  the  Lee-way. 


4.  Having  the  Courfe  fleered,  and  the  Lee-way 
given,  we  may  from  thence  find  the  true  Courfe  by 
the  following  Method,  viz.  Let  your  Face  be  turned 
dire£lly  to  the  Windward,  and  if  the  Ship  have  her 
Larboard  Tacks  on  Board,  count  the  Lee-way  from 
the  Courfe  fleered  toward  the  Right-hand;  but  if 
the  Starboard  Tacks  be  on  Board,  then  count  it  from 
the  Courfe,  fleered  towards  the  Left-hand.  Thus 
fuppofe  the  Wind  at  North,  and  the  Ship  lies  up 
within  6  Points  of  the  Wind,  with  her  Larboard 
Tacks  on  Board,  making  one  Point  Lee-way ;  here 
’tis  plain,  that  the  Courfe  fleered,  is  E  N  E,  and  the 
true  Courfe  E£N;  alfo  fuppofe  the  Wind  is  at 
N  N  W,  and  the  Ship  lies  up  within  6  4-  Points  of 
the  Wind  with  her  Starboard  Tacks  on  board,  making 
1  4  Point  Lee-way ;  ’tis  evident  that  the  true  Courfe, 
in  this  Cafe,  is  W  S  W. 

5.  We  have  fliewed,  in  the  lafl  Section,  how  to 
find  the  Variation  of  the  Compafs ;  and  from  what 
has  been  faid  there,  we  have  this  general  Rule  for 
finding  the  Ship’s  true  Courfe,  having  the  Courfe 
fleered  and  the  Variation  given,  viz.  Let  your  Face 
be  turned  towards  the  Point  of  the  Compafs  upon 
which  the  Ship  is  fleered  ;  and  if  the  Variation  be 
Eaflerly,  count  the  Quantity  of  it  from  the  Courfe 
fleered,  towards  the  Right-hand ;  but  if  Weflerly, 
towards  the  Left-hand ;  and  the  Courfe  thus  found, 
is  the  true  Courfe  fleered.  Thus,  fuppofe  the  Courfe 
fleered  is  N  h  E,  and  the  Variation  one  Point  Eafterly ; 

then 
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then  the  true  Courfe  fleered,  will  be  NNE  :  Alfo 
fuppofe  the  Courfe  fleered  is  NE£E,  and  the  Va¬ 
riation  one  Point  Weflerly ;  then  in  this  Cafe,  the 

true  Courfe  will  be  N  E,  and  fo  of  others. 

%  '  / 

Hence,  by  knowing  the  Lee-way  Variation ,  and 
Courfe  fleered,  we  may  from  thence  find  the  Ship’s 
true  Courfe  *,  but  if  there  be  a  Current  under  Foot, 
then  that  mufl  be  tried  and  proper  Allowances  made 
for  it,  as  has  been  fhown  at  Sett.  XII.  from  thence 
to  find  the  true  Courfe. 

6.  After  making  all  the  proper  Allowances  for 
finding  the  Ship’s  true  Courfe,  and  making  as  juft 
an  Eflimate  of  the  Diflance  as  we  can  ;  yet  by  reafon 
of  the  many  Accidents  that  attend  a  Ship  in  a  Day’s 
running,  fuch  as  different  Rates  of  failing  between  the 
Times  of  heaving  the  Log,  the  Want  of  due  Care  at 
the  Helm,  by  not  keeping  her  fleady,  but  fullering 
her  to  yaw  and  fall  off,  fudden  Storms  when  no  Ac¬ 
count  can  be  kept,  &c.  the  Latitude,  by  Account, 
frequently  differs  from  the  Latitude  by  Obfervation, 
and  when  that  happens,  ’tis  evident  there  mufl  be  fome 
Error  in  the  Reckoning ;  to  difcover  which  and  where 
it  lies,  and  alfo  how  to  correct  the  Reckoning,  you 
may  obferve  the  following  Rules. 

I.  If  the  Ship  fail  near  the  Meridian,  or  within  2 
or  2  4-  Points  thereof  •,  then  if  the  Latitude  by  Ac¬ 
count,  difagrees  with  the  Latitude  by  Obfervation,  ’tis 
moil  likely  that  the  Error  lies  in  theDiflance  run;  for 
it  is  plain  that  in  this  Cafe  it  will  require  a  very  fenfible 
Error  in  the  Courfe,  to  make  any  conliderable  Error  in 
the  Difference  of  Latitude,  which  can’t  well  happen 
if  due  Care  be  taken  at  the  Helm,  and  proper  A11owt- 
ances  be  made  for  the  Lee-way ,  Variation ,  and  Cur¬ 
rents.  Confequently  if  the  Courfe  be  pretty  near 
the  Truth,  and  the  Error  in  the  Diflance  run 

'  regularly 
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regularly  thro’  the  whole,  we  may  from  the  Latitude, 
obtained  by  Obfervation,  correct  the  Diftance  and 
Departure  by  Account,  by  the  following  Analogies, 
viz. 

As  the  Difference  of  Latitude  by  Account 
is  to  the  true  Difference  of  Latitude , 
fo  is  the  Departure  by  Account 
to  the  true  Departure , 
and  fo  is  the  direct  Difiance  by  Account 
to  the  true  dir  eft  Difiance. 

The  Reafon  of  this  is  plain,  for  let  A  B  denote  the 
Meridian  of  the  Ship  at  A,  and  fuppofe  the  Ship  fails 
upon  the  Rumb  A  E  near  the  Meridian,  a 

till  by  Account  fhe  is  found  in  C,  and 
confequently  her  Difference  of  Latitude  K 

by  Account  is  A  B ;  but  by  Obferva-  \ 
tion  fhe’s  found  in  the  Parallel  ED,  \ 
and  fo  her  true  Difference  of  Latitude  \ 
is  A  D,  her  true  Diftance  A  E,  and  her  \ 

true  Departure  D  E  ;  then  ftnce  the  \ 

Triangles  ABC,  ADE  are  fimilar,  B j - ~yC 

it  will  be  A  B  :  A  D  :  :  B  C  :  D  E  and  -D1 - *E 

AB:  AD::  AC:  A  E. 

Example. 

Suppofe  a  Ship  from  the  Latitude  of  45 °,  20 f 
North,  after  having  failed  upon  leveral  Courfes  near 
the  Meridian  for  24  Hours,  her  Difference  of  Lati¬ 
tude  is  computed  to  be  upon  the  whole  95  Miles 
Southerly,  and  her  Departure  34  Miles  Eafterly ;  but 
by  Obfervation  fhe  is  found  to  be  in  Latitude  of 
430,  10 '  North,  and  confequently  her  true  Diffe¬ 
rence  of  Latitude  is  130  Miles  Southerly;  then 
for  the  true  Departure  it  will  be,  As  the  Diffe¬ 
rence  of  Latitude  by  Account  95,  is  to  the  true 

Difference 
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Difference  of  Latitude  130,  fo  is  the  Departure  by 
Account  34,  to  the  true  Departure  46.52,  and  fo  is 
the  Diftance  by  Account  100.9,  to  the  true  Diftance 
138. 

2.  If  the  Courfes  are  for  the  moft  part  near  the 
Parallel  of  Eaft  and  Weft,  and  the  dired  Courfe  be 
within  5  4  or  6  Points  of  the  Meridian  *,  then  if  the 
Latitude  by  Account  differs  from  the  obferved  La¬ 
titude,  it  is  moft  probable  that  the  Error  lies  in  the 
Courfe,  or  Diftance,  or  perhaps  both ;  for  in  this  Cafe 
3tis  evident,  the  Departure  by  Account  will  be  very 
nearly  true  *,  and  thence,  by  the  Help  of  this,  and 
the  true  Difference  of  Latitude,  may  the  true  Courfe 
and  dired  Diftance  be  readily  found  by  Cafe  4.  of 
Plain  Sailing . 


Suppofe  a  Ship  from  the  Latitude  of  43  °,  50  ^ 
North,  after  having  failed  upon  feveral  Courfes  near 
the  Parallel  of  Eaft  and  Weft,  for  the  Space  of  24 
Hours,  is  found  by  dead  Reckoning  to  be  in  the  La- 
tude  of  42 °,  45 f  North,  and  to  have  made  160 
Miles  of  Wefting  but  by  a  good  Obfervation  the 
Ship  is  found  to  be  in  the  Latitude  of  42 °,  35  f 
North.  Required  the  true  Courfe,  and  dired  Di¬ 
ftance  failed. 

With  the  true  Difference  of  Latitude  75  Miles,  and 
Departure  1 60  Miles,  we  fhall  find  (by  Cafe  4.  of  Plain 
Sailing)  the  true  Courfe  to  be  S  64^,  53 1  W,  and 
the  dired  Diftance  1 76.7  Miles. 

3.  If  the  Courfes  are  for  the  moft  part  near  the 
middle  of  the  Quadrant,  and  the  dired  Courfe 
within  2  and  6  Points  of  the  Meridian  y  then  the 
Error  may  be  either  in  the  Courfe,  or  in  the  Di¬ 
ftance,  or  in  both,  which  will  caufe  an  Error 
both  in  the  Difference  of  Latitude  and  Depar¬ 
ture, 


a  "Journal  at  Sea.  -  :  ^2  i 

Cure,  to  correft  which,  having  found  the  true  Diffe¬ 
rence  of  Latitude  by  Obfervation ;  with  this,  and 
the  diredl  Diflance  by  dead  Reckoning,  find  a  new 
Departure  {by  Cafe  3.  of  Plain  Sailing)  then  half  the 
Sum  of  this  Departure,  and*’ that  by  dead  Reckoning, 
will  be  nearly  equal  to  the  true  Departure ;  and  con- 
fequently  with  this,  and  the  true  Difference  of  Lati¬ 
tude,  we  may  {by  Cafe  4.  of  Plain  Sailing)  find  the 
true  Courfe  and  Diflance. 


Example-. 

Suppofe  a  Ship  from  the  Latitude  of  44^,  38 f 
North,  fails  between  South  and  Eaft  upon  feveral 
Courfes,  near  the  middle  of  the  Quadrant,  for  the 
Space  of  24  Hours,  and  is  then  found,  by  dead  Rec¬ 
koning  to  be  in  the  Latitude  of  42 °,  15'  North,  and 
to  have  made  of  Eafling  136  Miles ;  but  by  Obferva- 
tion  fhe’s  found  to  be  in  the  Latitude  of  42  °,  04 f 
North.  Required  her  true  Courfe  and  Diflance. 

With  the  true  Diflance  of  Latitude  1 54  Miles, 
and  the  diredt  Diflance  by  dead  Reckoning  197.4 
you’ll  find  {by  Cafe  3.  of  Plain  Sailing)  the  new  De¬ 
parture  to  be  123.4,  and  half  the  Sum  of  this,  and 
the  Departure  by  dead  Reckoning,  will  be  124.7  the 
true  Departure ;  then  with  this,  and  the  true  Diffe¬ 
rence  of  Latitude,  you’ll  find  {by  Cafe  4.  of  Plain 
Sailing)  the  true  Courfe  to  be  S  39°,  00 r  E,  and 
the  diredl  Diflance  198.2  Miles. 

/ 

7.  In  keeping  a  Ship’s  Reckoning  at  Sea,  the 
common  Method  is  to  take  from  the  Log-Board , 
the  feveral  Courfes  and  Diflances  Hemmed  by  the 
Ship  lafl  24  Hours,  and  to  transfer  thefe  toge¬ 
ther  with  the  moll  remarkable  Occurrences  into 
the  Log-Book ,  in  which  alfo  are  inferted  the  Courfes 
-  -/ .  Y  corredled, 
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corrected,  and  the  Difference  of  Latitude  and  Dif¬ 
ference  of  Longitude  made  good  upon  each  •,  then 
the  whole  Day’s  Work  being  finifh’d  in  the  Log - 
Book ,  if  the  Latitude  by  Account  agree  with  the 
Latitude  by  Obfervation,  the  Ship’s  Place  will  be 
truly  determined ;  if  not,  then  the  Reckoning  muft 
be  corredted  according  to  the  preceding  Rules,  and 
placed  in  the  Journal 

The  Form  of  the  Log-Book  and  Journal ,  together 
with  an  Example  of  2  Days  Work,  you  have  here 
fubjoined. 

? 

X. 

Note ,  To  exprefs  the  Days  of  the  Week,  they 
commonly  ufe  the  Charadters  by  which  the  Sun 
and  Planets  are  expreffed,  viz.  G  denotes  Sunday , 
D  Monday ,  £  Fuefday ,  S  JVednefday ,  %  F hurfday , 
?  Friday ,  and  b  denotes  Saturday . 
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The  FORM  of  the 
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LOG-BOOK, 


With  the  Manner  of  working  Days 

Works  at  Sea, 
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The  Log-Book. 

H. 

K. 

4-K. 

Courfes. 

Winds. 

Obfervations  and 

Accidents.  D  — 

Day  of - 

i 

Fair  Weather,  at 

2 

North 

four  this  Afternoon 

3 

I  took  my  Depar- 

4 

ture  from  the  Li- 

j  i 

5 

7 

SWJS 

N  £  E 

zard ,  in  the  Lati- 

6 

7 

• 

tude  of  5°,  oof 

7 

7 

I 

' 

North,  it  bearing 

Q 

/ 

T 

NNE,  Diftance 

o 

9 

7 

6 

five  Leagues, 

IO 

6 

1 1 

6 

ssw 

E  b  S 

12 

6 

I 

The  Gale  increa- 

I 

6 

I 

fing  and  being  urt- 

2 

6 

I 

sww 

NNE 

der  all  our  Sails. 

2 

6 

I 

After  three  this 

o 

A 

Morning,  rrequent 

4 

7 

Showers  with  thick 

5 

7 

o 

1 

Weather  till  near 

o 

o 

"iVonn 

7 

8 

-L  1  UVJlle 

8 

8 

s  w 

ENE 

9 

8 

I 

The  Variation  I 

T  H 

n 

reckon  to  be  one 

1 1 

9 

8 

I 

SW-1W 

NE^E 

Point  Wefterly. 

12 

8 

« 

I 
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The  Log-Book. 

Courfes  Corre&. 

Dift. 

Diff. 

Lat. 

Diff.  Long. 

N 

S 

E 

W 

ss  w 

50 

46.2 

29.4 

S  b  w 

19 

18.6 

5*5 

s  w 

49 

29.7 

45*5 

SWhS 

24.5 

20.2 

20.0 

S  WAS 

25-5 

19-5 

. 

24.6 

134.2 

125.0} 

•  V  *  I 

Hence  the  Ship,  by  Account,  has  come  to  the 
Latitude  of  47  °,  46'  North,  and  has  differed  her 
Longitude  2°,  5'  Wefterly;  fo  this  Day  I  have  made 
my  Way  good  S  3 1°,  3 1 '  W.  Diftance  1 57.4  Miles. 

f 

At  Noon  the  Lizard  bore  from  me  N  3 1  3 1 '  E 

Diftance  157.4  Miles,  and  having  obferved  the  La¬ 
titude,  I  found  it  agreed  with  the  Latitude  by  Ac¬ 
count. 


*  \ 

v 

» 

X  3  The 


- - — 


— 
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1 

* 

The  Log-Book. 

H. 

K.I 

4K, 

Courfes,  Winds. 

Obfervations  and 

Accidents.  £  — 

Day  of - 

I 

2 

* 

SSW  '  w 

This  24  Hours, 

2 

I 

I 

Handed  the  Main 

ftrong  Gale  of 

3 

I 

I 

and  Fore  Courfes 

Wind  and  vari- 

4 

I 

I 

Lee-way  6  Points. 

able. 

5 

I 

I 

6 

I 

7 

I 

8 

I 

I 

The  Wind  increa- 

9 

I 

fing,  we  tried  a 

The  Variation  I 

10 

I 

Hull,  Lee-way  7 

judge  to  be  1 

1 1 

I 

Points. 

Point  Weft. 

12 

I 

I 

1 

2 

' 

SW£W  NW£W 

2 

I 

1 

Set  Main-fail,  Lee- 

3 

I 

way  4  4  Points. 

4 

I 

5 

I 

6 

_  I 

I 

7 

I 

8 

4 

S£E  SW£W 

% 

9 

4 

I 

Set  Fore-fail,  Lee- 

10 

4 

I 

way  3  Points. 

1 1 

5 

- 

Lat.  by  Obferva- 

12 

4 

I 

tion,  470,  0 6f  N. 

a  Journal  at  Sea 


'The  Log-Book. 


Courfes  Correct. 

Dift. 

S  E  £  E 
ESE 
S±E 

32’5 

6 

9 

Diff.  Lat. 


Hence  the  Ship,  by  Account,  has  come  to  the 
Latitude  of  47°,  17'  North,  and  has  differed  her 
Longitude  49 7  Eafterly ;  confequently  fhe  has  got 
i°,  167  to  the  Weft  ward  of  the  Lizard ,  and  has 
made  her  Way  good  the  laft  24  Hours,  S  49  08 7  E, 
Diftance  44.3  Miles. 

At  Noon  the  Lizard  bore  from  me  North  170,  7? 
Eaft,  Diftance  170.6  Miles. 

This  Day  I  had  an  Obfervation,  and  found  the 
Latitude  by  Account  to  difagree  with  the  Latitude 
by  Obfervation  by  11  Minutes,  I  being  fo  much 
further  to  the  Southward  than  by  dead  Reckoning, 
which  by  the  third  of  the  preceding  Rules  I  correct 
as  in  the  Journal . 


Y  4 


A  Journal 


A  Journal  from  the  Lizard  towards  Jamaica  in  the  Ship 

J.  M.  Commander. 
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SECT.  XV. 
O/MENSURATION. 

Def.  rT"^  H  E  Area  of  any  plain  Surface  in  Inches, 
JL  Feet,  or  any  other  Meafure,  is  the  Num¬ 
ber  of  fquare  Inches,  Feet,  &c.  that  the  Surface  con¬ 
tains. 

1 .  Let  A  B  C  D  reprefent  a  rectangular  Parallelo¬ 
gram,  and  fuppofe  the  Sid§  A  B,  or  D  C  contains 

p  eight  equal  Parts, 
and  the  Side  A  D 
H  orBC  three  of  the 
jj*  fame  Parts ;  then 
let  the  Line  A  B 
be  moved  along  in 
the  Direction  of  A  D  till  it  has  come  to  E  F,  where 
AE  or  FB,  the  Diftance  of  it  from  it’s  firft  Situation, 
may  be  equal  to  one  of  the  equal  Parts :  Here  ’tis  evi¬ 
dent  that  the  generated  Parallelogram  A  B  F  E  will 
contain  as  many  Squares  as  the  Side  AB  contains  equal 
Parts  (in  this  Cafe,  eight),  each  Square  having  for  it’s 
Side  one  of  the  equal  Parts  into  which  AB  or  AD  is 
divided.  Again,  let  A  B  move  on  till  it  comes  to 
GH,  fo  as  GE  or  HF  may  be  equal  to  AE  or  BF, 
then  ’tis  plain  that  the  Parallelogram  AG  HB  will 
contain  twice  as  many  Squares  as  the  Side  AB  contains 
equal  Parts,  each  Square  having  one  of  the  equal  Parts, 
into  which  A B  or  AD  is  divided,  for  it’s  Side ;  and 
by  the  fame  Way  of  reafoning  it  will  appear,  that  the 
Parallelogram  A  D  C  B  will  contain  three  Times  as 
many  Squares  as  the  Side  A  B  contains  equal  Parts  ^ 
and  in  general,  that  every  rectangular  Parallelogram 

contains 
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contains  as  many  Squares  as  the  Product  of  the  Num¬ 
ber  of  equal  Parts  in  the  Bafe  multiplied  into  the 
Number  of  the  fame  equal  Parts  in  the  Height  con¬ 
tains  Units,  each  Square  having  for  it’s  Side  one  of 
the  equal  Parts. 

Hence  arifes  the  Solution  of  the  following  Pro¬ 
blems. 


Problem  i. 

To  find  the  Area  of  a  rectangular  Parallelogram. 

Rule .  Multiply  the  Bafe  into  the  perpendicular 
Height,  and  the  ProduCt  is  the  Area  required. 

Example. 

Suppofe  the  Bafe  A  B  (fee  the  preceding  Figure) 
of  the  redangular  Parallelogram  A  B  C  D,  is  fix 
Inches  in  Length *  and  the  Perpendicular  A  D  three 
Inches,  required  the  Area  of  that  Parallelogram  in 
Inches. 

6  the  Bafe  A  B  - 

3  the  Perpendicular  A  D 

ProduCt  1 8  the  Area  of  the  Parallelogram  A  B  C  D 
in  Inches; 

Problem  2. 

To  find  the  Area  of  an  Oblique-Angular  Paral¬ 
lelogram. 

Rule.  Multiply  the  Bafe  into  the  perpendicular 
Height,  and  the  ProduCt  is  the  Area.  The  Reafon 
of  this  Rule  is  evident  from  Art.  69.  Seft.  I. 


Example. 
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Example. 
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Suppofe  the  Bafe 
AD,  of  the  Oblique- 
Angular  Parallelo¬ 
gram  ADCB  is  30 
Inches,  and  the  Per¬ 
pendicular  BE  12 
Inches.  Required  the  Area  in  Inches. 

Multiplying  30  the  Bafe  into  1 2  the  perpendicular 
Height,  the  Produdt  360,  is  the  Area  or  Number 
of  fquare  Inches  contained  in  the  propofed  Figure. 

Problem  3. 


To  find  the  Area  of  a  Triangle. 

Rule.  Multiply  the  Bafe  into  half  the  perpendicu¬ 
lar  Height,  and  the  Produft  is  the  Area  required. 
The  Reafon  of  this  Rule  is  plain  from  Cor.  3.  Art.  68. 
.Sett.  I. 


Example . 

In  the  Triangle  A  B  D,  fuppofe  the  Bafe  A  D  is 
56  Feet,  and  the  Per-  B 

pendicularBC  14,  Re¬ 
quired  the  Area. 

The  Bafe  56,  multi¬ 
plied  into  7,  half  the 
•  Perpendicular,  gives  392  the  Area  or  fquare  Feet 
contained  in  the  given  Triangle. 


Problem  4. 


To  find  the  Area  of  any  irregular  Figure. 

Rule . 
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Rule.  Reduce  the  Figure  to  Triangles  by  drawing 


Diagonals  therein ;  then  find  the  Area  of  each  Tri¬ 
angle,  and  the  Sum  of  thefe  is  the  Area  of  the  pro¬ 
posed  Figure. 


Required  the  Area  of  the  irregular  Figure 


ABDFHGEC, 

E 


F 


H 


A 


G 


Draw  the  Diagonals  EH,  E F,  ED,  DC  and  D  A 
which  will  divide  the  Figure  into  fix  Triangles,  in 
each  of  which  let  fall  from  any  one  of  it’s  Angles  a 
Perpendicular  to  the  oppofite  Side ;  then  fuppofing 
the  Lengths  of  thefe  to  be  as  they  are  exprefled  in  the 
Figure,  the  Operation  will  Hand  as  follows : 


2  1  r  18 1  r36  i  r  AB  D 

4-5  18  8i  ACD 


4*5 


r  AB  D 
ACD 


343.5  the  Area  of  the  whole 
Figure. 

Problem 


0/MENSURATION 

Problem  5. 


To  find  the  Area  of  any  regular  Polygon. 

Rule .  Through  any  three  of  the  angular  Points, 
draw  a  Circle  (by  Prob.  8.  SeEf.  I.)  which  will  pafs 
through  the  reft  alfo ;  then  from  the  Center  of  this 
Circle  let  fall  upon  any  of  the  Sides  a  Perpendicular, 
and  half  this  Perpendicular  multiplied  into  the  Sum 
of  the  Sides,  will  give  the  Area  required. 

Example. 

Required  the  Area  of 
the  Hexagon  A  B  H  D 
E  F,  the  Center  of  whofe 
circumfcribed  Circle  is 
C,  and  the  Perpendicular 
CG  from  the  Center  up¬ 
on  one  of  the  Sides  is 
20.8,  each  Side  of  the 
Polygon  being  24. 

The  Sum  of  the  Sides 
is  144,  which  multiplied  by  10.4  half  the  Pependi- 
cular,  gives  1497.6,  the  Area  of  the  propofed  Hex¬ 
agon. 

2.  It  has  been  found  by  Calculation  that  if  the 
Diameter  ol  a  Circle  be  1,  the  Circumference  of  the 
fame  will  be  3.1416  nearly;  and  confequently  the 
Diameter  of  any  Circle  will  be  to  it’s  Circumference 
as  1  to  3.1416,  &  e  contra. 

#  Cor.  1 .  Hence,  multiplying  the  Diameter  of  any 
Circle  by  3.1416,  the  Product  will  be  the  Circum¬ 
ference.  Thus,  let  the  Diameter  of  a  Circle  be  36; 
then  36  multiplied  by  3.1416  will  give  113.0976 
the  Circumference  of  the  propofed  Circle. 

Cor. 
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Cor.  2.  Hence,  dividing  the  Circumference  of  a 
Circle  by  3.1416,  the  Quotient  will  be  the  Diameter. 
So  if  the  Circumference  of  a  Circle  be  75.3984;  then 
this  divided  by  3.1416  will  give  24  the  Diameter  of 

the  propofed  Circle.  . 

Now  a  Circle  being  a  Polygon  of  an  infinite  Num¬ 
ber  of  Sides,  the  Sum  of  all  which  is  the  Circumfe¬ 
rence,  and  the  Perpendicular  on  any  of  them,  the  Ra¬ 
dius:  therefore 


Problem  6. 


!•’,  V,;  :  t  1  «*. 


Given  the  Diameter  of  a  Circle,  to  find  it’s  Area. 


Rule.  Firft  find  the  Circumference  (by  the  firftof 
the  preceding  Corollaries')  then  multiply  that  by  half 
the  Radius,  and  the  Product  is  the  Area. 


Example, 


Required  the  Area  of  a  Circle  whofeDiameter  is  3  6. 

Firft ,  I  find  the  Circumference  is  11 3.0976,  which 
multiplied  by  9,  half  the  Radius,  gives  1017*8784 
the  Area  required. 

,  Problem  7. 


TheCircumference  of  a  Circle  given,  to  find  it’s  Area. 


Rule .  Find  the  Diameter,  by  Cor.  2 ;  then  mul¬ 
tiply  the  Circumference  by  half  the  Radius,  and  the 
Produdt  is  the  Area. 


Example. 


Required  the  Area  of  a  Circle,  whofe  Circumfe¬ 
rence  is  75.3984. 

Firft, 


V 
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Firft ,  I  find  the  Diameter  to  be  24  *,  then  multi¬ 
plying  the  Circumference  75*3984  by  half  the  Radius, 
viz,  6,  the  Produd  452.3904  is  the  Area  required. 

41 

Problem  8. 

•  t 

To  find  the  Area  of  an  Ellipfe. 

Rule.  Multiply  the  greateft  Diameter  into  the 
leaft;  and  the  Produd  into  .7854,  and  this  lafl  Pro- 
dud  is  the  Area. 


Example . 

Suppofe  in  the  Ellipfe  A  B  C  D  the  greatefl  Dia- 
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meter  AC  is  36,  and  the  leafl  Diameter  BD  20.  ' 
Required  the  Area  of  that  Ellipfe. 

Multiplying  36  into  20,  theProdud  is  720,  Which 
multiplied  into  .7854,  gives  565.488  the  Area  of  the 
propofed  Ellipfe. 
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3.  A  Solid  is  that  which  has  Length,  Breadth,  and 
Thicknefs. 


4.  A  Cube  is  a  Solid 
bounded  by  fix  equal 
Squares.  Thus  the  So¬ 
lid  ABCGFEHD 
bounded  by  the  fix  e- 
qual  Squares  A  B  C  D, 
CD  FG,  AD  FE, 
AB  HE,  BC  GH 
and  HG  FE  is  a 
Cube. 

If  the  terminating  Squares  be  fquare  Inches,  then 
the  Solid  is  called  a  Cubic  Inch  •,  if  fquare  Feet,  a 


Cubic  Foot,  &c . 

5.  The  Solidity  of  any  Body  in  Inches,  Feet,  (Sc. 
is  the  Number  of  Cubic  Inches,  Feet,  (Sc.  the  Body 

contains.  , 

6.  A  Parallelipiped  is  a  Solid  terminated  by  fix 
Quadrilateral  Figures,  of  which  each  two  oppofite 


E  C 


to  one  another  are  equal  and  parallel,  as  A  B  C  G, 
F  D  FI  E. 

The  Solidity  of  this  Body  is  found  by  multiplying 
the  Length,  Breadth,  and  Thicknefs,  into  one  an¬ 
other  ;  and  the  Produdt  is  that  required. 

Example.  Suppofe  in  the  Parallelipiped  ABC 
DF  GHE,  the  Length  EF  is  36  Feet,  the 
Breadth  D  F  1 6,  and  the  Thicknefs  FG  12;  then 

thefe 
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thefe  three  multiplied  into  one  another  will  give  69 1 2 
for  the  Solidity,  or  Number  of  Cubic  Feet  the  pro- 
pofed  Body  contains. 

The  Area  of  the  Surface,  or  fuperficial  Content  of 
that  Body,  is  found  by  taking  the  Sum  ol  the  Areas 
of  the  Quadrilateral  Figures  that  terminate  it. 

7.  If  in  a  rectangular  Parallelogram  A  C  G  F,  one 
of  the  Sides  G  C  remain  fixed,  and  the  Parallelogram 
move  quite  round  to  it’s 
firft  Place  then  the  ge¬ 
nerated  Solid  A  D  H  F 
is  called  a  Cylinder. 

The  Solidity  of  this 
Body  is  found  by  multi¬ 
plying  the  Area  of  one  of  it’s  circular  Bafes  into  the 
Length.  Thus  let  the  Radius  A  C  of  one  of  the 
Bafes  of  the  Cylinder  be  6  Inches*  and  the  Length 
A  F  3  6  then  the  Area  of  the  Bafe  A  B  D  E  will  be 
1 1 3-°9  7  6  (by  Problem  6.)  which  multiplied  into  the 
Length  36*  gives  4071^5136  for  the  Solidity. 

The  fuperficial  Content  is  found  by  multiplying  the 
Circumference  of  one  of  the  Bafes  into  the  Length, 
and  to  the  Product  adding  the  Areas  of  the  two  Bafes. 

8.  Solids  that  decreafe  from  the  Bafe  gradually  till 


they  come  to  a  Point,  are  in  general  called  Pyramids , 

Z  and 
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and  are  of  different  Kinds,  according  to  the  Figure 
of  their  Bafes.  Thus  a  Pyramid,  having  a  trian¬ 
gular  Bafe,  is  called  a  Triangular  Pyramid ,  as  ABCH, 
and  if  the  Bafe  be  a  Parallelogram,  it  is  called  a  Pa - 
rallelogramick  Pyramid  as  D  E  F  G  K,  and  if  a  Circle, 
it  is  called  a  Circular  Pyramid ,  or  fimply  a  Cone ,  as 
L  M  N,  &V.  The  Point  in  which  the  Pyramid  ends, 
is  called  the  Vertex,  and  a  Line  drawn  from  the  Ver¬ 
tex  perpendicular  to  the  Bafe,  is  called  the  Height  of 
the  Pyramid. 

The  Solidity  of  a  Pyramid  is  found  by  multiplying 
the  Area  of  the  Bafe  into  4  the  Height.  Thus  fup- 
pofe  the  Diameter  of  the  Bafe  of  a  Cone  is  24  Inches, 
and  the  Height  5 1  j  then  the  Area  of  the  Bafe  will 
be  452.3904,  which  multiplied  by  17,  the  third  Part 
of  the  Height,  gives  7690.6368.  The  fuperficial 
Content  of  a  Cone  is  found  by  multiplying  the  Cir- 
cumterence  of  the  Bafe  into  half  the  Line  joining  the 
Vertex  and  any  Point  in  that  Circumference,  and  to 
that  Produdt  adding  the  Area  of  the  Bafe. 

9.  If  a  Semicircle  be  turned  quite  round  upon  it’s 
Diameter  as  an  Axis,  it  will  generate  a  Solid  called  a 
Globe  or  Sphere. 

The  Area  of  the  Surface  of  a  Globe,  is  found  by 
multiplying  the  Diameter  into  the  Circumference  of 
a  great  Circle  upon  it.  Thus  fuppofe  the  Diameter 
of  a  Globe  is  1 6  Inches ;  then  the  Circumference  of  a 
great  Circle  upon  that  Globe  will  be  50.2656,  which 
multiplied  by  16  the  Diameter,  gives  804.2496  for 
the  fuperficial  Content  in  Inches. 

The  Solidity  of  a  Globe,  is  found  by  multiplying 
the  fuperficial  Content  by  ~  the  Diameter.  Thus 
fuppofe  the  Diameter  of  a  Globe  is  18,  then  the 
Area  of  the  Surface  will  be  1017.8784  whieh  mul¬ 
tiplied  by  3  gives  3053.6352  for  the  Solidity. 

10.  We 
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io.  We  have  fhewn  how  to  find  the  Solidity  of  a 
Cone,  having  the  Diameter  of  the  Bafe,  and  the 
Height  given,  and  thence  we  have  a  Method  of  find¬ 
ing  the  Solidity  of  a  Fruftum  of  a  Cone,  having  the 
Diameter  of  the  two  Safes  and  the  Height  of  the  Fru¬ 
ftum  given.  Let  F  B  D  G  denote  a  Fruftum  of  the 
Cone  A  B  D,  B  D  the  greatcft,  and  F  G  the  leaft  Di¬ 
ameter  of  the  Fruftum.  Join  the  Vertex  of  the  Cone 
A,  and  the  Center  of  the  Bafe  C  with  the  right  Line 
A  C,  which  will  pafs  thro’ 

H  the  Center  of  the  leaft 
Bafe  of  the  Fruftum,  and 
thro’  G  draw  G  E  paral¬ 
lel  to  A  C,  which  will  be 
equal  to  H  C,  the  Height 
of  the  Fruftum  j  then  5tis 
evident  that  E  D  will  be 
the  Difference  between 
the  greateft  and  leaft  Se¬ 
midiameters  of  the  Fru¬ 
ftum,  and  fince  the  Tri¬ 
angles  A  CD  and  GED  are 
fimilar,  therefore  (by  Art. 

73.  Se5t.  I.)  D  E  :  D  C  :  : 

EG  :  CA,  i.e.  as  the  Difference  between  the  greateft 
and  leaft  Semidiameters  of  the  Fruftum,  is  to  the 
greateft  Semidiameter,  fo  is  the  Height  of  the  Fru¬ 
ftum,  to  the  Height  of  the  whole  Cone.  Confequent- 
ly  having  the  Diameter  of  the  Bafe,  and  Height  of 
the  whole  Cone  we  can  find  it’s  Solidity ;  and  from 
A  C,  the  Height  of  the  whole  Cone,  taking  C  H  the 
Fleight  of  the  Fruftum,  we  have  A  H  the  Fleight 
of  the  Cone  cut  off,  with  which,  and  the  Bafe  F  G, 
which  is  given,  we  may  find  the  Solidity  of  the 
Cone  cut  off,  A  F  G.  Confequently  from  the  Soli¬ 
dity  of  the  whole  Cone  A  B  D  taking  the  Solidity  of 
the  fmall  Cone  A  F  G,  there  will  remain  the  Solidity 
of  the  Fruftum  FBDG. 

Z  2 
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Example.  Suppofe  the  greated  Diameter  of  the  Fru- 
ftum  of  a  Cone  is  20  and  the  lead  12,  and  the  Height 
1 2  ;  then  the  Difference  between  the  two  Semidia¬ 
meters  will  be  4,  and  making  it  as  4  :  10  : :  12  :  30 ; 
we  have  30  for  the  Height  of  the  whole  Cone,  and 
from  30  taking  12*  there  remains  18  the  Height  of 
the  lead  Cone  *,  fo  the  Solidity  of  the  whole  Cone  is 
3141.6,  and  the  Solidity  of  the  lead  Cone  is  678.5856, 
the  Difference  of  thefe  is  2463.0144*  which  is  the 
Solidity  of  the  propofed  Frudum. 

The  fuperficial  Content  of  a  Frudum  of  a  Cone  is 
found  by  adding  to  the  fuperficial  Content  of  the  whole 
Cone,  twice  the  Area  of  the  Bafe  of  the  fmall  Cone, 
and  from  that  Sum  taking  the  fuperficial  Content  of 
the  fmall  Cone. 

1 1.  We  have  in  the  preceding  Part  of  this  Book, 
fliewn  the  Ufe  of  Plain  Trigonometry  in  folving 
Problems  of  Navigation  *,  and  now  we  fhall  apply  it 
in  the  following  Problems,  to  the  meafuring  the 
Heights  of  acceffable  and  inacceffable  Objedts. 


Problem  1. 


To  find  the  Height  of  any  acceffable  Objedt. 

Let  B  C  be  the  Objedt  to  be  obferved,  and  from 
any  Point  A  in  the  Level  upon  which  the  Objedt 

dands,  let  the  Angle  of 
Altitude  C  A  B  be  obferv¬ 
ed,  and  meafure  the  Di¬ 
dance  A  B  ♦,  then  in  the 
right  angled  Triangle 
A  B  C  are  given  the  two 

_  oblique  Angles  A  and  C, 

jjtf  and  the  Side  A  B,  whence 

to  find  B  C  it  will  be,  by  Cafe  1.  of  Reffangular  tri¬ 
gonometry^ 

R  :  Ty  A  : :  A  B  :  B  C. 


Example* 


Mj 
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Example.  Suppofe  the  Angle  of  Altitude  C  A  B  is 
370,  24'  and  the  Length  AB  116  Feet,  then  for 
B  C  it  will  be 


As  Radius  -------- 

is  to  the  Tang,  of  Altitude  370,  24 ; 
fo  is  AB  -  --  --  -  1 16 

to  the  Height  of  the  Objedt  BC  88.69 


-  10.00000 

-  9.88341 
2.06446 

-  i-94787 


Note,  In  taking  the  Height  of  any  Objedb,  if  the 
Eye  be  not  in  the  Level  upon  which  the  Object  ftands ; 
then  to  or  from  the  Height  found,  you  muft  add  or 
fubtradt  the  Diftance  of  the  Eye  from  the  Level,  ac¬ 
cording  as  it  is  placed  above  or  below  it,  and  the 
Sum,  or  Difference,  is  the  true  Height  of  the  Ob¬ 
ject 

The  Height  of  an  acceffable  Object  may  alfo  be 
found  by  means  of  it’s  Shadow.  Thus  fuppofe  C  B 
is  the  Objedt  and  BA,  it’s  Shadow,  caufed  by  the 


Sun  at  S,  and  let  D  E  be  a  Stick  of  a  known  Length, 
placed  perpendicular  to  the  Line  of  the  Shadow,  and 
in  fome  Point  of  it  D,  fo  as  the  Extremity  of  the 
Shadows  of  the  Objedt  and  Stick  may  coincide  at  A. 
Meafure  A  D  and  A  B  the  Lengths  of  the  Shadows, 
and  then  fince  E  D  and  C  B  are  both  perpendicular 
to  A B,  it  will  be,  as  AD  the  Stick’s  Shadow,  is  to 
DE  the  Length  of  the  Stick,  fo  is  AB  the  Objedt’s 
Shadow,  to  C  B  the  Height  of  the  Objedt. 

Z  3  Problem 
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M 


Problem  2. 


To  fijid  the  Altitude  of  the  Sun  by  the  Length  of 
the  Shadow  of  an  acqeffable  Objeft,  whofe  Meafure 
is  alfo  known. 

Let  C  B  reprefent  a  Stick,  or  any  other  acceffable 
Objeft  of  a  known  Length,  {landing  perpendicular 

to  the  horizontal  Plane  AB, 
and  let  A  B  be  it’s  Shadow 
made  by  the  Sun  at  S.  Mea¬ 
fure  the  Length  of  the  Sha¬ 
dow  A  B,  and  then  in  the 
right  angled  Triangle  ABC 
are  given  the  two  Sides  A  B 


and  BC,  whence  to  find  the  Angle  CAB,  or  the 
Altitude  of  the  Sun  at  the  Time  of  Obfervation,  it 
will  be,  by  Cafe  4.  of  Rectangular  Trigonometry , 

A  B  :  B  C  :  :  R  :  T,  A. 


Example .  Suppofe  the  Stick  B  C  is  4  Feet,  and 
the  Shadow  of  it  A  B  5?  then  for  the  Sun’s  Altitude 
it  will  be 


5 

4 


0.69897 

0.60206 


As  the  Length  of  the  Shadow  - 
is  to  the  Length  of  the  Stick  - 
fo  is  Radius  -  --  --  --  -  10.00000 

to  the  Tang,  of  the  Sun’s  Alt.  38°,  39'  9-90309 


Problem  3. 

To  find  the  Height  and  Diftance  of  an  inaccefiabje 
Obje£t. 

Let  D  E  reprefent  an  inaccefiable  Objeft,  and  B  a 
Point  in  the  horizontal  Plane  on  which  it  ftands,  and 
from  whence  we  can  obferve  the  Angle  of  Altitude 
DBE.  At  any  other  Point  in  the  fame  Plane  as  A, 

obferve  the  Angle  of  Altitude  DAE,  and  meafure 

D  the 
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the  Length  of  AB  the  Diftance  between  the  two  Sta¬ 
tions  A  and  B  ;  then  in  the  Triangle  A  B  D  having 


D 


the  external  Angle  D  B  E  together  with  the  internal 
oppofite  one  A,  we  have  the  Angle  ADB  {by  Art.  60. 
Seff.  I.)  and  alfo  the  Side  AB ;  whence  for  B  D  the 
Hypothenufe  of  the  right  angled  Triangle  DBE,  it 
will  be,  by  Cafe  2.  of  Oblique  Angled  trigonometry* 

S,  ADB  :  AB  ::  S,  A  :  BD. 

^  Then  in  the  right  angled  Triangle  B  D  E  are 
given  the  Hypothenufe  B  D  and  the  oblique  Angles; 
whence  for  D  E  the  Height  of  the  Objeft,  it  will 
be,  by  Cafe  3.  of  Re  £1  angular  trigonometry , 

R,  :  S,  B  D  E  :  :  B  D  :  D  E. 

And  for  B  E  the  Diftance  of  the  Objed:  from  the 
neareft  Station,  it  will  be  by  the  fame, 

R,  :  S,  B  D  E  :  :  B  D  :  B  E. 

Example .  Suppofe  the  Angle  of  Altitude  at  B  is 
43°5  3q/  and  at  A  320,  12'  and  the  Diftance  A  B 
between  the  two  Stations  is  1 1 2  Feet ;  then  the  An¬ 
gle  ADB  will  be  n°,  18 !  and  the  Angle  BDE 
will  be  46°,  3<y.  Hence  for  B  D  it  will  be 

As  the  Sine  of  A  D  B  -  1 1 Q,  1 8 f  -  9.29.2 14 

istoAB  -  -  -  -  -  112  -  -  2.04922 

fo  is  the  Sine  of  A  -  -  320,  i2f  -  9.72663 
to  B  D  ~  -  -  -  -  304.6  -  -  2.48371 

Z  4  Then 
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Then  for  D  E  the  Height  of  the  Objefl,  it  will  be; 


As  Radius  -  --  --  --  --  io.ooooq 
is  to  the  Sine  of  D  B  E  43°,  30'  -  9.8378  \ 

foisBD  -  -  -  -  -  304.6  -  -  2.48371 
to  D E  -----  209.7  ~  “  2.32152 


Laftly,  For  BE  the  Diftance  of  the  Objedl  from 
the  neareft  Station,  it  will  be 

As  Radius  -  -  -  -  -  -  ~  —  10.00000 

is  to  the  Sine  of  B D  E  46°,  30^  -  -  9.86056 

foisBD  -  -  -  -  304.6  -  -  2.48371 

tpBE  -  T  -  -  r  -  221  r  -  2.34427 

If  the  Objeft  {lands  upon  a  rifing  Ground,  then 
find  the  Height  of  the  Objedl  above  the  Plane  on 
which  you  {land  (by  the  laft  Problem)  as  alfo  the  Height 
of  fome  Point  on  the  rifing  Ground  near  the  Foot  of 
the  Object,  and  this  laft  Height  taken  from  the  for¬ 
mer  will  give  the  true  Height  of  the  Objedl. 


SECT.  XVL 

©/SURVEYING. 

1 .  f  I A  H  E  Inllruments  chiefly  in  Ufe  for  taking 
X  Angles  iji  the  Field  are,  the  Plain-Table , 
Theodolite ,  Compafs ,  Semircircle ,  &c.  The  Nature 
and  Ufe  of  which  is  much  eafier  obtained  by  viewing 
the  Inllruments  themfelves,  than  by  a  Defcription  of 
them,  from  their  Draughts  upon  Paper. 

2 .  To  meafureDiilances  upon  the  Field,  they  com¬ 
monly  ufe  Mr  Gunter’s  Chain,  which  contains  22 
Yards  in  Length,  the  fourth  Part  of  which,  54  Yards, 
or  1 6  4  Feet,  is  called  a  Perch  or  Pole ;  confequentiy 

a  fquare 
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a  Iquare  Chain  contains  1 6  fquare  Poles,  and  fince  an 
Acre  contains  io  fquare  Chains,  therefore  160  fquare 
Poles  is  equal  to  one  Acre.  This  Chain  is  commonly 
divided  into  ioo  equal  Parts  called  Links ,  and  is  fome- 
times  marked  at  every  io  Links  for  the  Conveniency 
of  working  by  Decimals. 


126 


B 


Problem  1. 

To  find  the  Diftance  of  any  Objed  from  a  given 
Point. 

Let  the  Objed  be  D,  and  the  given  Point  A  ; 
then  let  the  Diftance  between  A  and  any  other  Point 
B  (from  whence  we  can 
fee  the  Objed)  be  meafur- 
ed,  and  with  a  Semicircle, 
or  any  other  proper  In- 
ftrument,  take  the  Angles 
DAB  and  A  B  D ;  then  in 
the  Triangle  A  B  D  are 
given  the  Angles  and  the 
Side  A  B,  whence  to  find 
the  Side  A  D  it  will  be, 
by  Cafe  2.  of  Oblique  Angled 
trigonometry , 

S,D:  AB  ::S,B:  AD. 

r 

Example.  Suppofe  BA  is  126  Feet;  the  Angle  A 
98°,  07',  the  Angle  B  46 33^  and  confequently 
the  Angle  D  350,  20* ;  then  for  A  D  it  will  be 


As  the  Sine  of  D  -  -  -  350,  201  - 

is  to  the  Diftance  A  B  -  -  126 

fo  is  the  Sine  of  B  -  -  46Q,  33^  - 

to  the  Dift,  between  A  and  D  158.2 


9.76218 
2.10037 
9.86092 
2. 1991 1 


Problem 
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Problem  2, 


To  find  the  Diftance  between  two  inaccefiable  Ob- 


Let  the  two  Objedts  be  A  and  B,  to  which  we  can- 
pot  approach,  being  hindered  by  a  River,  &c.  afTume 


jj  in  fome  convenient 
Place  two  Points  C 
and  D,  from  each  of 
which  you  can  fee 
the  twoObjedts*,  and 
meafure  the  Diftance 
between  them  *,  then 
at  the  Point  C  ob- 
ferve  the  Angles  A 


iV 


7 


- yD 


C  D  and  D  C  B,  and  at  D  obferve  the  Angles  C  D  B 
and  CD  A  j  fo  in  the  Triangle  C D B  are  given  the 
two  Angles  BCD  and  C  D  B  (and  confequently  the 
'  Angle  CBD)  and  the  Side  CD  *,  whence  to  find  CB 
it  will  be  S,  CBD  :  S,  CDB  :  :  CD  :  CB.  Again, 
in  the  Triangle  A  CD  are  given  the  two  Angles  A  CD 
and  ADC  (and  confequently  the  Angle  CAD)  and 
the  Side  C  D,  whence  to  find  A  C  it  will  be 
S,  CAD:  S,  CDA::  CD:  CA,  Laftly,  from 
the  Angle  A  C  D  take  the  Angle  D  C  B,  and  there 
will  remain  the  Angle  ACB;  then  in  the  Triangle 
A  C  B  are  given  the  two  Sides  A  C  and  C  B,  and 
the  included  Angle  ACB,  whence  AB,  the  Diftance 
between  the  two  Objedts  is  found  by  Cafe  5.  of  Ob¬ 
lique  T rigonometry. 
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Example.  Suppofe  the  Angle  A  C  D  is  940,  55^ 
the  Angle  BCD  41  °,  25',  the  Angle  CDB  io30,'i4's 
the  Angle  ADC  46Q,  44'  and  the  Side  C  D  144 
Feet :  Then  ift  for  C  B  it  will  be 


As  the  Sine  of  C  B  D 

35°,  2i;  ' 

9.76236 

is  to  the  Sine  of  C  D  B  - 

1 03,  14  - 

9.98831 

foisCD-  -  -  -  - 

144  -  - 

2.15836 

toCB  - 

242.3  -  - 

2.38431 

2dly,  For  C  A  it  will  be 
As  the  Sine  of  C  A  D  - 

38°,  21'  - 

9.79256 

is  to  the  Sine  of  C  D  A 

46  ,  44  - 

9.86223 

foisCD  -  -  -  -  ■ 

-  144  ■  .* 

2.15836 

toCA  -  -  - 

169.X 

2.22803 

Laftly,  For  A  B  it  will  be 

As  the  Sum  of  the  Sides } 
A  C  and  CB  -  -  S 

4II.4  » 

2.61426 

is  to  their  Difference  ,  - 

-  73.2  - 

I.8645I 

fo  is  the  Tang,  of  4  the  Sum 
of  the  Ang.  CAB  and  CB  A 

}  63°,  15'  - 

io-2 9753 

to  the  Tang,  of  ~  their  Diff.  19,26  - 

9-5477 8 

Then, 

As  the  Sine  of  C  B  A 

43°,  49 '  - 

9-84033 

is  to  the  Sine  of  A  C  B  - 

53  ’  3°  - 

9.90518 

fo  is  A  C  -  -  -  -  - 

169.I 

2.22803 

toAB  -  -  - 

196.3  - 

2.29288 

confequently  the  Diftance  between  the  two  Objects 

A  and  B  is  196.3  Feet. 

Problem  3. 

To  take  the  Plot  of  a  Field  at  one  Station,  in  or 
near  the  Middle  of  it ;  when  we  can  from  thence  fee 
all  the  Angles  or  Corners  of  the  Field. 

This  may  either  be  done  by  the  Plain  table  or 
theodolite ,  or  any  of  the  other  Inftruments  above- 
mentioned. 

Let 
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Let  ABODE  reprefent  the  Field;  and  firft  flip- 
pofe  you  are  to  plot  it  with  the  Plain-Table.  Ha¬ 
ving  planted  the  Table  with  a  Sheet  of  white  Paper, 
fixed  upon  it,  in  or  near  the  Middle  of  the  Field,  as 
at  G  ;  mark  a  Point  upon  the  Paper  to  reprefent  the 
Point  of  the  Field  on  which  the  Table  (lands,  and  lay¬ 
ing  the  Edge  of  your  Index  upon  that  Point,  and 
keeping  it  there,  turn  it  about  fo,  as  you  can  thro’ 
the  Sights  fee  one  of  the  Angles  as  A  ;  then  from 
the  Point,  along  the  Edge  of  the  Index  draw  the  Line 

GA,  and  meafuring  the 
Diftance  on  the  Field 
from  the  Plain-Table  to 
the  Angle  at  A  in  Chains 
and  Links,  take  it  from 
any  convenient  Line  of 
equal  Parts,  and  fet  it  off 
upon  the  Paper,  from  G 
to  A  along  the  Line  GA ; 
then  (keeping  the  Table 
ftill  fixed  as  it  was)  turn 
the  Index  fo  as  it  lying 
with  it’s  Edge  upon  the  Point  G,  you  may  thro’  the 
Sights  fee  the  Angle  B,  and  drawing  the  Line  G  B, 
meafure  the  Diftance  G  B  in  the  Field,  which  fet  off 
upon  the  Table  from  G  to  B ;  after  the  fame  manner 
drawing  the  Lines  GC,  GD,  and  GE,  and  joining 
the  Extremities  of  them  with  the  right  Lines  A  B, 
B  C,  C  D,  D  E,  and  E  A,  the  Field  is  protracted, 
and  the  Lines  B  A,  A  E,  &c.  taken  from  the  Scale 
from  which  you  protrad  the  reft,  will  give  the 
Lengths  of  them  in  the  Field. 

To  perform  the  fame  with  the  Theodolite,  place 
the  Inftrument  in,  or  near,  the  Middle  of  the  Field, 
as  at  G,  and  fo  as  the  Needle  may  hang  diredly  over 
the  Meridian  Line  of  the  Chard,  which  let  N  S  re¬ 
prefent  ;  then  dired  your  Sights  from  G  to  the 

Angle 
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Angle  A,  and  obferve  the  Number  of  Degrees  it 
cuts,  or  the  Bearing  of  A,  which  fuppofe  to  be  N 
1 6°,  24;  E,  and  place  this  in  the  Field-Book,  to¬ 
gether  with  the  Didance  in  Chains  and  Links  from 
G  to  A,  and  proceeding  the  fame  Way  with  the  red 
of  the  Angles,  you  will  have  the  Bearing  of  each 
Angle  from  the  Meridian,  together  with  the  Didance 
of  each  from  the  Indrument,  in  your  Field-Book, 
the  Form  of  which  follows. 


The  Field-Boo fc. 


Angles 

Bearings 

Chains 

Links 

Remarks 

A 

N 

16,  24  E 

7 

20 

B 

S 

73>  35  E 

7 

60 

C 

S 

19,  15  E 

7 

65 

D 

s 

54,  56  w 

6 

65 

E 

N 

59,  40  w 

7 

26 

The  Table  is  ruled  into  live  Columns  •,  in  the  brft 
are  marked  down  the  Angles  expreded  by  Letters,  or 
any  other  Charadfers  at  pleafure  •,  the  fecond  contains 
the  Bearings  of  thefe  Angles  from  the  Meridian  *,  the 
third  and  fourth  their  Didances  in' Chains  and  Links 
from  the  Place  of  Obfervation,  and  the  fifth  is  for 
any  remarkable  Occurrence. 

Having  marked  down  the  Bearings  of  all  the  Angles 
in  the  Field  from  the  Meridian,  together  with  their 
Didances  in  Chains  from  the  Place  of  Obfervation  in 
your  Field-Book,  you  may  afterwards  protradf  it 
upon  Paper  in  the  following  Manner,  viz.  Affume 
any  convenient  Point  in  the  Paper  to  reprefent  the 
Place  of  Obfervation,  and  through  it  draw  a  Line 

reprefenting 
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reprefenting  the  Meridian  ;  then  from  that  Point 
draw  Lines  making  Angles  with  the  Meridian  as  in 
the  Field-Book,  and  fet  off  from  the  faid  Point  upon 
thefe  Lines  the  feveral  Diftances  expreffed  in  the  Field- 
Book,  taken  from  any  Scale  of  equal  Parts ;  Laftly, 
joining  the  Extremities  of  them  with  right  Lines* 
the  Field  will  be  protradted  •,  and  the  Area  of  it  in 
Chains  may  be  found  by  Prob.  4.  Sebl.  XV.  which 
divided  by  1  o  will  give  the  Area  in  Acres. 

The  Method  of  plotting  a  Field  by  the  Semicir¬ 
cle ,  Circumferentor ,  &c.  differs  fo  little  from  the  Way 
of  doing  the  fame  by  the  Theodolite*  that  it  would 
be  altogether  needlefs  to  fhow  it  in  each  of  them. 
When  the  Angles  of  the  Field  are  at  fuch  a  Diftance 
from  you,  that  you  cannot  perfedtly  perceive  them 
from  your  Station  ;  then  put  Marks  of  white  Paper* 
or  Pieces  of  Linen  at  each  each  ol  them,  fo  as  you 
may  eafily  fee  them. 

If  it  be  more  convenient  to  plot  the  Field  at  one 
Station  in  or  near  fome  Corner  of  the  Field  •,  then 
you  are  to  do  it  the  fame  Way  by  the  Plain-Table, 
Theodolite,  or  any  other  of  the  Inffruments,  as 
when  your  Station  was  in  or  near  the  Middle  of  the 
Field.  . 

Problem  4* 

To  plot  a  Field  at  two  Stations  near  the  Middle 
thereof,  the  Diftance  between  which  Stations  is 
known,  and  from  each  of  which  all  the  Angles  in 
the  Field,  can  be  eafily  feen. 

Let  the  Field  to  be  plotted  be  C  D  E  F  G  H  K,  in 
which  chufe  two  convenient  Points  A  and  B  near  the 
Middle,  from  each  of  which  you  can  perceive  all  the 
Angles,  and  the  Diftance  between  which  you  know ; 
then  if  you  are  to  plot  it  by  the  Plain-Pable ,  plant 
the  Table  upon  the  Point  A,  and  mark  a  certain 

Point 
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Point  upon  the  Table  to  reprefent  it,  upon  which 
lay  the  Edge  of  the  Index,  and  dired  the  Sights  to 
the  other  Station  B,  and  by  the  Side  of  the  Index 
draw  A  B  ;  then  from  A  along  that  Line  fet  off  a 
Line  A  B,  taken  from  any  convenient  Scale  of  equal 
Parts,  equal  to  the  Diftance  between  your  two  Sta¬ 
tions  ;  then  laying  the  Edge  of  your  Index  upon  the 


D 


Point  A,  and  directing  your  Sights  to  D,  draw  the 
Line  A  D  5  the  fame  Way  keeping  the  Edge  of  the 
Index  on  A,  dired  the  Sights  to  all  the  other  Angles 
of  the  Field  fucceflively,  and  draw  the  Lines  A  E, 
AF,  &c.  then  remove  the  Table  to  the  other  Station 
B,  and  laying  the  Edge  of  the  Index  along  the  Line 
AB,  turn  the  Table  about  till  you  can  thro5  the  Sights 
fee  the  other  Station  A,  and  fixing  the  Table,  lay 
the  Edge  of  the  Index  on  B,  and  dired  the  Sights 
to  D,  and  draw  the  Line  B  D,  which  will  interfed 
A  D  in  D  •,  the  fame  Way  keeping  the  Edge  of  the 
Index  flill  on  the  Point  B,  dired  the  Sights  to  all  the 
other  Angles  of  the  Field,  and  draw  the  Lines  B  E, 
BF,  &V.  which  will  interfed  the  former  Lines  drawn 

from 
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from  A  in  the  Points  E,  F,  G,  (Sc.  and  joining  thefe 
Points  with  right  Lines,  you’ll  have  the  Plot  of  the 
Field,  and  the  Lines  D  E,  E  F,  (Sc.  taken  from  the 
fame  Scale  of  equal  Parts  that  AB  was  taken  from* 
will  give  the  Diftances  of  the  Angles  in  the  Field 
from  one  another;  Laftly,  The  Area  of  the  Field 
being  thus  protracted,  may  be  found  by  Prob.  4.  of 
the  laft  Section, 

In  plotting  of  a  Field  at  two  Stations,  you  ought 
to  take  the  Stations  as  far  afunder  as  conveniently  you 
can ;  for  the  nearer  they  are  together,  the  more  Dan¬ 
ger  there  is  of  contracting  an  Error,  (S  e  contra . 

To  plot  the  fame  by  the  Theodolite ;  having  fixed 
the  Inftrument  in  one  of  the  Stations  as  A,  turn  it 
about  till  the  Needle  be  direCtly  over  the  Meridian 
Line  of  the  Chard  *,  then  turn  about  the  Index  till 
you  can  through  the  Sights  fee  the  other  Station  B, 
and  obferve  the  Bearing  of  it  from  the  Meridian,  and 
meafure  theDiftance  in  Chains  and  Links,  both  which 
fet  down  at  the  Head  of  the  Field-Book.  Thus 
ABS  750,  23f  E —  3  Chains  24  Links. 

Then  turn  the  Index  to  the  Angle  D,  and  obferve 
it’s  Bearing  from  the  Meridian,  and  the  fame  Way 
turning  the  Index  to  all  the  Angles'  of  the  Field, 
obferve  the  Bearing  oi  each  of  them,  which  fet 
down  in  the  Field-Book  in  the  fecond  Column, 
marked  at  the  Top  thus,  Station  A.  Then  go  to 
the  Station  B,  and  fixing  your  Inftrument  as^  be¬ 
fore,  turn  the  Sights  to  the  Angle  D,  and  obferve 
the  Bearing  of  it  from  the  Meridian,  and  the  fame 
Way  turning  the  Sights  to  the  reft  of  the  Angles, 
obferve  the  Bearing  of  each  of  them,  which  mark 
down  in  another  Column  of  your  Field-Book, 
marked  at  the  Top  with  Station  B,  and  youi  Work 
in  the  Field  is  finifhed  *,  the  plotting  of  which  up¬ 
on  Paper  is  fo  plain  and  eafy,  that  it  needs  no  Ex¬ 
ample. 


By 
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By  this  Method  the  principal  Places  in  a  Survey  of 
a  County,  or  any  large  Piece  of  Ground  may  be  placed 
in  a  Map,  viz.  By  making  Choice  of  two  Eminen¬ 
ces  for  your  two  Stations,  the  Diftance  between  which 
you  can  meafure,  and  from  each  of  which  you  can 
fee  all  the  principal  Objects,  fuch  as  Churches ,  Caftles , 
Hills ,  Gentlemens  Seats ,  and  whatever  elfe  is  remark¬ 
able  in  the  Ground  you  are  furveying. 

If  all  the  Angles  of  the  Field  can’t  be  feen  at  two 
Stations ;  then  make  Choice  of  a  third,  from  whence 
you  can  fee  any  of  the  former  two,  and  the  Diftance 
between  which  you  can  meafure  *,  and  if  that  be  not 
fufftcient,  then  ufe  a  4th,  5th,  &c.  Station ;  by  which 
means  you’ll  always  have  two  Stations  to  proceed  with 
through  the  County  you  are  to  furvey,  be  it  ever  fo 
large  •,  and  even  in  a  Field  where  you  can  take  the 
Survey  of  it  at  two  Stations  alone,  the  chufing  a  third 
Station  from  whence  you  can  fee  one  of  the  former 
ones,  and  alfo  all  the  Angles  of  the  Field,  and  thence 
taking  the  Plot  of  it  as  before,  is  a  fure  Way  of 

proving  your  former  Work. 

\ 

Problem  5. 

To  plot  a  Field  by  going  round  it. 

Let  the  Field  be  A  BCD  EF  and  fuppofe  you  2re 
to  plot  it  by  the  Plain-Table.  Having  fixed  your 
Inftrument  at  any  of  the  Angles  of  the  Field  as  A, 
mark  a  Point  upon  the  Paper  to  reprefent  it ;  then 
laying  the  Edge  of  the  Index  upon  A,  turn  it  about 
I  till  through  the  Sights  you  can  fee  the  adjacent  Angle 
F,  and  along  the  Edge  of  the  Index  draw  the  Line 
AF,  which  meafure  in  the  Field,  and  taking  that  from 
any  Scale  of  equal  Parts,  fet  it  off  upon  the  Line  A  F 
on  the  Table  from  A  to  F;  then  move  your  Table 
from  A  to  F  in  the  Field,  and  fix  it  fo  as  the  Edge 
of  the  Index,  lying  on  the  Line  FA  ;  you  can  thro’ 

A  a  the 


<*  '  v  i>  ;V\  i 


I 

i  i.  i 


■'»  ii 
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the  Sights  fee  the  Angle  A,  and  laying  the  Edge  of 

the  Index  on  F,  turn 
it  about  till  through 
the  Sights  you  can 
fee  E,  and  draw 
the  Line  F  E,  which 
meafure  in  the  Field, 
and  taking  it  from 
.  the  fame  Scale,  fet  it 
off  upon  the  Table 
from  F  to  E  :  after 
the  fame  Manner 
proceeding  with  the 
reft  of  the  Angles  you  will  have  the  Plot  of  the  Field. 

To  plot  the  fame  by  the  Theodolite.  Having 
placed  your  Inftrument  at  the  Corner  of  the  Field, 
you  are  to  begin  from,  as  at  A,  fet  the  Index  at 
oo  Deg.  oo  Min.  then  turn  the  Inftrument  about 
with  that  End  of  the  Index  forward  (or  towards  F) 
that  lies  upon  oo  Deg.  oo  Min.  till  you  can  thro9 
the  Sights  fee  the  Angle  F ;  and  there  fixing  the  In¬ 
ftrument,  turn  the  Index  about  till  you  can  through 
the  Sights  fee  the  Corner  B,  and  mark  the  Degrees 
(in  your  Field-Book)  cut  by  the  Index,  which  will 
be  the  Meafure  of  the  Angle  FAB,  and  meafure 
A  F,  in  Chains  and  Links,  which  alfo  mark  down 
in  your  Field-Book  ;  then  remove  your  Inftrument 
to  F,  and  placing  the  Index  upon  the  Beginning  of 
the  Degrees  as  before,  turn  the  Inftrument  about  till 
you  can  thro5  the  Sights  fee  the  Corner  A,  and  fix¬ 
ing  the  Inftrument  there,  turn  the  Index  about  till 
you  fee  thro5  the  Sights  the  Corner  E,  and  mark  the 
Degrees  cut  by  the  Index  in  your  Field-Book,  which 
will  be  the  Angle  AFE,  then  meafure  FE  in  Chains 
and  Links,  which  alfo  mark  down  in  your  Field- 
Book  :  the  fame  Way  proceeding  with  the  reft  of  the 

Angles 


m 


■ 

■ 


■ 
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Angles  mark  down  the  Quantity  of  each,  together 
with  the  Diftance  from  the  preceding,  in  your  Field- 
Book  ;  and  thence  you  may  project  it  at  leifure  upon 
Paper. 

This  Method  of  plotting  a  Field  by  going  round 
it,  is  much  lefs  liable  to  Error  than  any  of  the  two 
former;  and  is  more  efpecially  ufeful  in  meafuring 
large  Fields,  or  Fields  upon  which  are  Woods  or 
other  Things  to  obftrud  the  Sight,  in  which  Cafe 
the  other  Methods  are  impracticable. 


SECT.  XVII. 


Of  GAUGING. 


i 


WE  have  Ihewn  in  Sed.  XV.  how  to  find  the 
'  Solidity  of  feveral  Sorts  of  Bodies,  in  In¬ 
ches  or  Feet,  &c.  which  Solidity  (if  taken  in  In¬ 
ches)  divided  by  the  Inches  contained  in  a  Gallon, 
Bufhel,  &c,  will  fhew  the  Number  of  Gallons,  Bu- 
fhels,  &V.  contained  in  the  Vefiel. 

The  Number  of  folid  Inches  contained  in  a  Gallon, 
Bufhel,  &c.  as  determined  by  Ad  of  Parliament, 
is  as  follows, 


A  Gallon  of  Ale  or  Beer 
of  Wine 
of  Corn 
A  Bufhel  of  Malt 
of  Coals 
A  Scots  Pint 


I 


contains 


Solid  Inches 


A  a  2 


hll'WJ 

.  ■  i 
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2.  In  Gauging,  the  Veffels  that  are  not  cylindri¬ 
cal  are  commonly  reduced  to  Cylinders,  and  their 
Solidities  found  as  fuch ; 

A  Cajk  having  different  Diameters  at  the  Head  and 
Brngi  is  reduced  to  a  Cylinder,  by  taking  the  mean 
or  equated  Diameter  between  the  two  for  the  Diame¬ 
ter  of  the  Cylinder  equal  in  Length  and  Solidity  to 
the  propofed  Calk ;  the  common  Method  for  find¬ 
ing  the  equated  Diameter,  and  which  ferves  pretty 
juftly  in  moft  Calks,  is  this,  viz.  Multiply  the  Dif¬ 
ference  between  the  head  and  bung  Diameters  by  .65, 
and  adding  the  Product  to  the  head  Diameter,  the 
Sum  will  be  the  Diameter  of  a  Cylinder  of  equal 
Length  and  Solidity  with  the  Calk. 

Hence  we  have  the  following  Rule  for  finding  the 
Content  of  any  Cade  in  JVine^  Beer ,  &c.  The  head 
and  bung  Diameter,  and  Length  of  the  Calk  being 
given  in  Inches,  viz.  Find  the  equated  Diameter 
between  the  head  and  bung  Diameters  of  the  Calk, 
and  thence  find  the  Area  of  the  Circle  belonging  to 
that  Diameter;  then  multiply  this  Area  by  the  Length 
of  the  Calk,  and  the  Product  will  be  the  Solidity  of 
the  Calk  in  Inches,  which  divided  by  the  folid  Inches 
contained  in  a  Gallon  of  Wine,  Beer,  &c.  will  give 
the  Content  of  the  Calk  in  Wine,  Beer,  &c. 


Example. 


Let  it  be  required  to  find  the  Content  of  the  Calk 
A  E  D  B  in  Wine  Gallons,  whofe  head  Diameter 
A  E  or  B  D,  is  26  Inches,  the  bung  Diameter  F  C 
34  Inches,  and  the  Length  GH  55  Inches. 

The  Difference  between  the  head  and  bung  Di¬ 
ameters  is  8  which  multiplied  by  .65,  gives  5.2  and 
this  added  to  26  the  head  Diameter  makes  31.2  for 
the  equated  Diameter,  or  Diameter  of  the  Cylinder 

equal 
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equal  in  Length  and  Solidity  with  the  propofed  Calk, 
the  Area  of  whofe  F 

Bafe  is  764.539776, 
which  multiplied 


into  55  the  Length, 
gives  42049.6 8768 


for  the  Solidity  in  tp 


Inches  *,  and  this 


divided  by  231  the 
folid  Inches  con-  £ 


tained  in  a  Gallon 


G 


•  of  Wine,  gives 


182.03328  for  the  Content  of  the  propofed  Cafk  in 
Wine  Gallons. 

3.  If  the  propofed  Cafk  be  Handing  with  it’s  Axis 
perpendicular  to  the  Horizon,  and  is  not  quite  full  of 
Liquor ;  then  in  order  to  find  the  Contents  of  the 
contained  Liquor,  you  mult  find  the  equated  Diame¬ 
ter,  as  above,  and  thence  the  Area  of  the  Bafe  of  the 
Cylinder,  the  Cafk  is\|jduced  to  ;  which  multiplied 
into  the  Depth  of  the  Liquor,  will  give  the  folid  Con¬ 


tent  of  the  contained  Liquor  in  Inches,  and  this  di¬ 


vided  by  the  Inches  in  a  Gallon  of  Wine,  Beer, 
according  to  the  Liquor  contained,  will  give  the  Con¬ 
tents  of  the  Liquor  in  the  Cafk. 

This  Rule  more  efpecially  ferves  when  the  Cafk  is 
more  than  half  full  of  Liquor  •,  but  when  it  is  lefs 
than  half  full;  then  the  Content  of  the  contained 
Liquor  is  better  found  by  fubtradting  the  Content  of 
the  empty  Part  of  the  Cafk  (found  as  above)  from 
the  Content  of  the  whole,  and  the  Remainder  will 
be  the  Content  of  the  contained  Liquor. 

4.  In  Gauging,  by  the  Area  of  any  Surface  in 
Wine,  &c.  Gallons,  is  meant  the  Content  of  it  at 
one  Inch  Depth.  Confequently  the  Area  of  a  Cir¬ 
cle  one  Inch  Diameter  being  .7854,  this  divided  by 


A  »  3 


282 
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282  will  give  .002785  for  the  Content  of  that  Circle 
one  Inch  Depth  in  Ale  or  Beer  Gallons,  and  the  fame 
divided  by  231  will  give  .0034  for  it’s  Content  in 
Wine  Gallons ;  and  fince  Circles  are  to  one  another 
as  the  Squares  of  their  Diameters  ;  therefore,  as  one 
the  Square  of  one  Diameter,  is  to  .0034  or  .002785 
the  Area  of  that  Circle  in  Wine  or  Ale  Gallons,  fo  is 
the  Square  of  the  Diameter  of  any  other  Circle,  to  the 
Area  of  that  Circle  in  Wine  or  Ale  Gallons  ;  hence 
fince  the  firft  Term  of  the  Proportion  is  Unity,  it 
follows  that  the  Area  of  any  Circle  in  Wine  or  Ale 
Gallons  is  found  by  multiplying  the  Square  of  the  Di¬ 
ameter  by  .0034  for  Wine  Gallons,  and  by  .002785 
for  Ale  Gallons,  and  this  Area  multiplied  into  the 
Length  of  the  Cafk  to  which  the  Circle  belongs,  will 
give  the  Content  of  the  Cafk  in  Wine  or  Ale  Gallons ; 
and  hence  the  two  Numbers  .0034  and  .002785  are 
called  Fixt  Multipliers. 

Again,  If  1  be  divided  by  the  former  Numbers 
,.0034  and  .002785,  there  will  be  produced  their  Re¬ 
ciprocals  294.12  and  359,  with  the  firft  of  which, 
dividing  the  Square  of  the  Diameter  of  any  Circle, 
the  Quotient  will  be  the  Area  of  that  Circle  in  Wine 
Gallons  •,  and  if  the  fame  be  divided  by  the  laft,  the 
Quotient  will  be  the  Area  of  that  Circle  in  Ale  Gal¬ 
lons*  hence  thefe  two  Numbers  294.12  and  359  are 
called  Fixt  Divifors ,  and  in  Practice  are  commonly 
made  ufe  of  by  the  Gaugers. 

5.  When  a  Cajk  is  lying  upon  it’s  Side,  with  the 
Axis  parallel  to  the  Horizon ,  and  is  not  full ;  but 
the  Surface  of  the  contained  Liquor  cuts  the  Heads 
of  the  Cafk;  then  to  find  the  Contents  of  the  Li¬ 
quor  contained  in  the  Cafk,  we  mull  firft  know  how 
to  find  the  Area  of  any  Segment  of  a  given  Circle. 
In  order  to  which 

Let  A  E  B  H  reprefent  a  Circle,  whofe  Diameter 
A  B  is  2  *  then  {by  Cor.  1.  Art.  2.  Seff.  XV.)  the 
Circumference  of  that  Circle  will  be  6.2832,  and  the 

Area 


G 

r  ^ 

/■J 

l 

f  / 
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Area  3.1416  (by  Prob.  6.  Sett,  XV.)  Hence  Vis  evi¬ 
dent  that  if  the  Diameter  of  a  Circle  be  two  Inches  or 
Feet,  &c.  the  Circumference  of  that  Circle  will  con¬ 
tain  twice  as  many  Inches  or 
Feet,  &c.  in  Length,  as  the 
Area  of  it  contains  fquare 
Inches  or  Feet,  &c.  i.  e.  the 
Length  of  the  Circumference 
is  double  the  Area ;  and  fince 
the  Area  of  the  whole  Circle, 
is  to  the  Area  of  any  Sector 
of  it,  as  the  Length  of  the 
whole  Circumference,  to  the  rk 

Length  of  the  Arch  of  that  Sedtor  ;  it  follows,  that 
the  Length  of  half  the  Arch  of  any  Sector  of  a  Circle 
whofe  Diameter  is  2,  is  equal  to  the  Area  of  that 
Sector.  So  in  the  annexed  Scheme  the  Length  of 
D  E,  half  the  Arch  of  the  Sedtor  D  C  F  E  will  be 
the  Area  of  that  Sector. 

In  the  annexed  Scheme,  fuppofe  G  E  (the  verfed 
Sine  of  half  the  Arch  of  the  Sedtor  D  C  F  E)  to  be 
equal  to  .4 ;  then  fince  the  Radius  C  E  is  1 ,  ’tis 
evident  CG  (the  right  Sine  of  DA,  the  Complement 
of  DE  half  the  Arch  of  the  Sedtor)  will  be  equal 
to  ,6\  fo  making  it  as  1,  is  to  .6  or  (to  avoid  Frac¬ 
tions)  as  100,  is  to  60,  fo  is  the  Radius  of  the  Ta¬ 
bles,  to  a  fourth  Number ;  this  will  be  the  Sine  of 
A  D,  and  looking  in  the  Table  we  fhall  find  it  an- 
fwer  to  36.87  Degrees;  the  Complement  of  which, 
viz.  53.13  Degrees  is  the  Arch  D  E  ;  which  multi¬ 
plied  by  .017453  theTTo  °f  6.2832,  gives  .92727789 
for  the  Length  of  the  Arch  D  E,  which  is  equal  to 
the  Axrea  of  the  Sedtor  D  E  F  C. 

Again,  In  the  right-angled  Triangle  C  G  D,  ’tis 
evident  (by  Cor.  1.  Art.  70.  Sett.  I.)  if  from  1  the 
Square  of  CD  we  take  .36  the  Square  of  C  G,  there 
will  remain  .64  the  Square  of  DG,  the  fquare  Root 
of  which,  viz .  .8  is  equal  toDG,  and  this  doubled 

A  a  4  gives 
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gives  1.6  equal  to  D  F,  which  multiplied  into  .3  the 
half  of  CG  produces  .48  for  the  Area  of  the  Triangle 
D  C  FP  Then  from  .92727789  for  the  Area  of  the 
Sedfor  D  C  F  E  taking  .48,  the  Area  of  the  Triangle 
DCF,  there  will  remain  .44727789  for  the  Area  of 
the  Segment  DEFD,  and  this  taken  from  3.1416, 
the  Area  of  the  whole  Circle  there  will  remain 
2.69432211  for  the  Area  of  the  other  Segment 
DHFD  whofe  verfed  Sine  is  1.6. 

After  the  fame  manner,  by  dividing  the  Diameter 
of  the  Circle,  viz.  2,  into  100,  or  any  other  Num¬ 
ber  of  equal  Parts,  we  may  find  the  Area  of  the  Seg¬ 
ment  anfwering  to  each  verfed  Sine. 

Having  by  the  foregoing  Method,  found  the  Area 
of  a  Segment,  belonging  to  any  verfed  Sine  in  that 
Circle,  whofe  Diameter  is  2,  and  Area  3.1416;  we 
may  find  the  Area  of  the  fimilar  Segment  in  any  other 
Circle  by  the  following  Analogy,  viz. 

As  the  Area  of  that  Circle,  whofe  Diameter  is  2„ 
viz.  3.1416,  is  to  the  Segment  belonging  to  any  Part 
of  it’s  Diameter,  fo  is  the  Area  of  any  other  Circle, 
to  the  Segment  belonging  to  the  like  Part  of  it’s  Di¬ 
ameter. 

And  hence  arifes  the  Conftrudtion  of  the  follow¬ 
ing  Table* 


A  Table 
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A  Table  of  the  Segments  of  a  Circle,  whofe 
Area  is  1  the  Diameter,  (viz.  1.128378)  being 
divided  into  100  equal  Parts. 


y 

Segm. 

V 

Segm. 

V 

Segm. 

V  j  Segm 

V 

I  Segm. 

1 

.0017 

21 

.1526 

41 

.3860 

61 

.6389 

81 

•86 77- 

2 

.0048 

22 

.1631 

42 

3986 

62 

.6514 

82 

.8776 

3 

.0087 

23 

.1738 

43 

.4112 

63 

.6636 

83 

.8873 

4 

.0134 

24 

•i845 

44 

4238 

64 

•6759 

84 

.8968 

5 

.0187 

25 

•J9 55 

45 

4365 

65 

.688 1 

85 

.9059 

6 

.0245 

26 

.2066 

46 

449 1 

66 

.7002 

86 

•9H9 

7 

.0308 

27 

.2178 

47 

.4618 

6  7 

.7122 

87 

.9236 

8 

•°375 

28 

.2292 

48 

•4745 

68 

.7241 

88 

.9320 

9 

.0446 

29 

.2407 

49 

•4873 

69 

.7360 

89 

9402 

10 

.0520 

30 

.2523 

5° 

.5000 

70 

•7477 

90 

.9480 

1 1 

.0598 

3i 

.2640 

5 1 

5  I27 

71 

•7593 

91 

•9554 

12 

.0680 

32 

2759 

52 

•5255 

72 

•77  08 

92 

.9625 

*3 

.0764 

33 

.2878 

53 

•5382! 

73 

.7822 

93 

.9692 

.085 1 

34 

.2998 

54 

■55°9 

74 

•7934 

94 

•9755 

*5 

.0941 

33 

•3 1 J9 

55 

•5635 

75 

.8045 

95 

•9813 

16 

.1032 

36 

.3241 

56 

.5762 

7  6 

.8155 

96 

.9866 

17 

.1127 

37 

•3364 

57 

5888 

77 

.8262 

97 

•99 1 3 

18 

.  1224 

38 

.3486 

58 

.6014 

78 

.8369 

98 

•9952 

19 

•  i323 

39 
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59 

.6140 

79 

•8474 

99 

•9983 

20 

.1424 

40 

•3735 

60 

.6265 

80 

.8576 

100 

1. 0000 

In  this  Table  you  may  obferve  that  the  Columns 
marked  at  the  Top  with  V,  contain  the  verfed  Sines, 
'  proceeding  from  1  to  100,  and  the  adjacent  Columns 
contain  the  Areas  of  the  Segments  belonging  to  thefe 
verfed  Sines. 

By  this  Table  the  Content  of  the  Liquor  contained 
in  a  Calk  not  full,  lying  with  it’s  Axis  parallel  to 
the  Horizon,  and  the  contained  Liquor  cutting  the 
Heads  of  the  Calk  may  be  found  after  the  follow¬ 
ing  manner,  viz. 

To  the  wet  Inches  of  the  bung  Diameter,  add  a 
competent  Number  of  Cyphers,  and  divide  this  by 

the 
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the  whole  Diameter,  then  feek  for  the  Quotient  in 
the  Columns  marked  V  at  the  Top  in  the  preceding 
Table,  and  oppofite  to  this  in  the  adjacent  Column, 
you’ll  find  the  Area  of  a  Segment,  which  multiply 
into  the  whole  Content  of  the  Cafk,  and  the  Produd 
is  the  Content  of  the  Liquor  in  the  Cafk.  If  inftead 
of  the  wet  Inches  we  had  ufed  the  dry,  then  the  laft 
Produdt  would  have  been  the  Content  of  the  empty 
Part  of  the  Cafk,  which  is  called  the  Ullage , 


Example. 


Suppofe  a  Calk  lying  with  it’s  Axis  parallel  to  the 
Horizon,  has  a  certain  Quantity  of  Wine  in  it,  the 
bung  Diameter  is  32  Inches,  the  head  Diameter  28, 
the  Length  48,  and  the  wet  Inches  29.  Required 
the  Content  of  the  Liquor. 

To  the  wet  Inches  20,  I  add  a  Number  of  Cy¬ 
phers,  and  dividing  it  by  32,  I  find  the  Quotient  .66, 
which  I  look  for  in  the  Table  and  find  it  anfwer  to 
the  Segment  .7002,  which  multiplyed  by  152.8  the 
whole  Content  of  the  Cafk  in  Wine  Gallons  (found 
by  Art.  2.  of  this  Sett.)  gives  107  for  the  Content 
of  the  Liquor  in  the  Cafk,  in  Wine  Gallons. 

6.  Malt  when  lying  on  a  Floor  is  gauged  by  tak¬ 
ing  the  Depth  of  it  in  Inches,  in  feveral  Places,  and 
dividing  the  Sum  of  thefe  Depths  by  the  Number  of 
them,  the  Quotient  will  be  the  mean  Depth  *,  which 
multiplied  into  the  Area  of  the  Surface  gives  the  So¬ 
lidity  in  Inches ;  and  this  divided  by  2 1 50.4  gives 
the  Content  in  Bufhels. 

7.  Solid  Timber  is  meafured  by  the  folid  Foot, 
each  containing  1728  folid  Inches-,  the  common 
Way  is  this,  viz.  Girth  the  Tree  in  fevetal  Places 
and  take  ~  of  the  mean  Girth  in  Inches,  for  the 
Side  of  a  Square  ,  which  Square  multiply  into  the 

h  Length 
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Length  of  the  Tree,  and  the  Produdt  will  be  the 
Solidity  in  Inches,  and  this  divided  by  1728,  will 
give  the  Solidity  of  the  Tree  in  Feet. 

8.  The  Solidity  of  irregular  Bodies  may  be  found 
exa£tly,  after  the  following  Method,  viz.  Let  the 
Body  be  immerfcd  in  Water  in  a  Parallelipiped,  whofe 
Sides  are  exa&ly  divided  into  Inches  and  the  Solidity 
of  the  Water  raifed,  will  be  equal  to  the  Solidity  of 
the  immerfed  Body. 

9.  The  common  Rule  for  finding  the  Tunnage  of 
a  Ship  is  as  follows. 

Multiply  the  Length  of  the  Keel  by  the  Breadth, 
and  the  Produd  by  half  the  Breadth  ;  then  divide 
this  laft  Product  by  95,  and  the  Quotient  will  give 
the  Tunnage. 

Example. 

Suppofe  a  Ship’s  Keel  is  135  Feet,  and  her  Breadth 
from  out  to  out,  48  Feet.  Required  the  Tunnage 
of  that  Ship. 

The  Length  of  the  Keel,  viz.  135  multiplied  in¬ 
to  the  Breadth  48,  produces  6480,  and  this  multiplied 
into  24,  half  the  Breadth,  gives  155520,  which  laft 
divided  by  95,  the  Quotient  is  1637  the  Tunnage  oi 
the  propofed  Ship. 


» 
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A  Table  of  the  Latitudes  and  Longitudes  of  fome  of 
the  mofi  principal  Harbours ,  Headlands ,  and  IJlands , 
in  the  moft  frequented  Parts  of  the  Worlds  the  Longi¬ 
tude  being  counted  from  the  Meridian  of  London. 


Places  Names 

Lat. 

Long. 

a 

a> 

3 

O 

The  Coafl  of  England 

D. 

M. 

D. 

M. 

3 

• 

13  ERIE ICK  — 

55 

50 

01 

39 

W 

|3  JSewcaJtle  —  — 

54 

51 

01 

3° 

W 

Scarborough  — •  — 1  — » 

54 

20 

01 

20 

w 

Stockton  — ~  —  ■ —  • — 

54 

33 

01 

25 

w 

Flamborough-Head  —  — 

54 

08 

01 

1 1 

E 

Yarmouth  —  —  — 

52 

45 

01 

40 

E 

Ipfwich  —  —  —  — • 

52 

14 

01 

00 

E 

Colchefter  — -  —  — 

52 

04 

00 

58 

E 

LONDON  —  — 

5i 

32 

00 

00 

E 

The  Downs  —  —  — 

51 

25 

r 

01 

21 

E 

Dover  —  —  ■ —  — 

5 1 

i5 

rt 

h-*  • 

rt 

01 

18 

E 

Beachy  —  — •  — -  — - 

50 

48 

c 

01 

25 

w 

Portfmouth  —  —  — 

50 

48 

fD 

01 

00 

w 

Dartmouth  —  —  • — • 

50 

27 

2; 

0 

°3 

36 

w 

Plymouth  — •  »  — 

50 

36 

r>* 

04 

13 

w 

Lizard  - — •  —  —  — - 

50 

00 

05 

14 

w 

Briftol  * —  — -  —  — 

5i 

32 

02 

35 

w 

Liverpool  —  —  —  — 

53 

20 

°3 

10 

w 

White-Haven  —  —  — 

54 

10 

03 

50 

w 

The  Coaft  of  Scotland 

G  lafgow  ' —  ■ —  — >  — 

55 

53 

°4 

05 

w 

Aberdeen  —  —  —  — 

57 

24 

01 

37 

w 

Leith  —  - —  —  — 

56 

00 

02 

55 

w 

St  Kilda  —  —  - —  • — 

58 

G2 

01 

05 

w 

Cat-Nefs  —  — •  • — ■  ■ — 

58 

47 

02 

06 

w 

Buchan-Nefs  — -  —  — 

57 

55 

01 

20 

w 

Orkney  IJles  —  —  . — 

59 

13 

03 

32 

w 
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Places  Names 

Lat. 

Long. 

Coaft  of  Ireland 

D. 

M. 

D. 

M. 

London-Derry  —  —  — 

55 

05 

08 

00 

B  elf  aft  —  —  —  — • 

54 

36 

06 

50 

Cork  —  —  • —  — 

5i 

45 

08 

00 

Cape-Clear  • — •  — •  — 

5i 

10 

10 

30 

Cambay  —  —  —  — 

53 

24 

07 

30 

~Dublin  —  « —  —  — 

53 

12 

06 

55 

Coaft  of  Holland  and  Flanders 

Hamborough  —  — •  — 

53 

4i 

10 

25 

Bremen  —  —  —  — 

53 

50 

08 

00 

The  Tex  el  —  —  • — 

53 

10 

04 

59 

Amfterdam  —  —  ■ — • 

52 

21 

04 

5i 

Rotterdam  —  —  — 

5i 

55 

r 

°4 

2 1 

Dunkirk  —  —  —  — 

5i 

14 

rt 
*  • 

02 

20 

Calais  —  —  —  — 

50 

57 

e 

p. 

n> 

01 

55 

On  the  Coaft  of  France  and 

2 

Portugal 

O 

rt 

Guernfey  —  —  —  — 

49 

36 

tr 

02 

40 

Jerfey  —  —  —  — 

49 

20 

02 

19 

-  Rochel  —  — -  —  — - 

46 

10 

01 

14 

Bourdeaux  —  —  — 

44 

55 

00 

45 

Bilboa  —  —  —  — 

43 

3o 

°3 

00 

Porta  Port  — •  —  - — 

40 

52 

07 

50 

Cadiz  —  ■ —  —  — 

36 

20 

06 

28 

Coaft  on  the  main  Continent 

within  the  Straits ,  and  on 

the  Coaft  of  Spain  ^  &c. 

Gibraltar  —  —  — 

36 

1 1 

05 

20 

Malaga  —  • —  —  — 

36 

50 

°3 

17 

Barcelona  — *  —  — 

41 

26 

02 

26 

Marfeilles  —  —  — 

43 

20 

°5 

27 

Toulon  - —  — .  —  — 

43 

06 

05 

40 

Denom.  W  W  W  W  W  W  W  W  ^WWW 


\ 


[  366  ] 


Places  Names 

Lat. 

Long. . 

a 

<T> 

D. 

M. 

D. 

M. 

• 

Genoa  • — 1  ■ — -  —  • — 

Leghorne  —  —  —  — 

Rome  • —  1 —  —  • — 

Naples  — 1  ■ —  —  • — 
Gallipoli  —  ■ — ■  —  — 

Venice  —  — 1  —  — 

Conftantinople  • —  — *  — * 

Smyrna  — -  —  —  — ’ 

Scanderoon  —  —  — • 

Alexandria  —  • —  — * 

44 
43 
4i 
4i 

40 

45 

41 
38 
36 
34 

3i 

36 

27 

18 

5 1 

05 

08 

18 

07 

28 
00 

40 

07 

40 

North  Latitude 

09 

10 

l3 

l5 

18 

12 

31 

27 

35 

35 

33 

03 

06 

44 
05 
40 
42 
40 

45 
20 

58 

48 

00 

05 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

Coalt  of  Barb  ary  and  Gui¬ 
nea^  &c. 

Sallee  —  —  — •  . — 

33 

43 

06 

30 

W 

Cape  de  Verde  — ■  — •  1 — 

14 

30 

16 

26 

W 

River  Gambia  —  • —  ■ — 

13 

16 

15 

20 

W 

Monferado  —  • —  — 

06 

05 

09 

20 

w 

Cape  Corce  —  —  - — * 

04 

40 

03 

10 

E 

Cape  Formofa  —  — *  — 

04 

40 

08 

00 

E 

River  Congo  —  * —  — 

05 

45 

r  r\ 

i5 

2  7 

E 

Angola  —  — •  • — •  • — 

01 

5i 

• 

15 

56 

E 

Cape  St  Phomas  —  • — 

23 

10 

r 

& 

14 

23 

E 

Cape  of  Good  Hope  • — • 

34 

15 

rt 

• 

i7 

00 

E 

Weftern  Elands 

Corvo  - — ■  • —  * — '  — 

40 

05 

3i 

55 

W 

Fyal  - —  • —  — —  — 

39 

32 

3  1 

52 

w 

Pico  —  —  — ■ 

38 

45 

1  CL 

28 

34 

w 

Gratiofa  — 1  • —  — 

39 

30 

28 

15 

w 

St  Michael  —  * —  — ■ 

37 

50 

24 

52 

w 

St  Maries  — •  —  ■ — 

37 

00 

• 

22 

i7 

w 

Porto  San  bio  • — *  • —  • — • 

3  2 

45 

16 

05 

w 

Madeira  Weft-End  • —  *•— 

32 

2C 

1*7 

30 

Iw 

[  3  67  ] 


Places  Names 

Lat. 

Long. 
D.  M. 

D. 

M. 

Teneriff  —  —  —  — 

27 

50 

l7 

°5 

Canary  — ■  —  —  — 

27 

40 

1 6 

10 

St  Antonio  —  —  — 

17 

20 

24 

50 

Fnego  —  —  - —  — 

1 5 

00 

24 

05 

Jago  —  —  —  — 

15 

10 

23 

30 

St  Lucia  — ■  —  —  — 

*7 

20 

24 

00 

St  Nicholas  * —  — -  — 

17 

12 

23 

3° 

St  Vincent  —  - —  — 

l7 

10 

24 

20 

Antegoa  —  —  . —  — 

l7 

30 

60 

40 

Barbadoes  —  — •  — > 

l3 

3° 

58 

10 

Berbuda  —  —  —  . — 

l7 

58 

60 

40 

St  Cruz  • — •  —  —  — 

18 

00 

63 

25 

Coaft  of  Carolina ,  Virginia , 

2 

Maryland ,  &c. 

0 

»-s 

rt 

1-5 

Charles  Town  on  Ajhly  River 

32 

40 

r 

78 

50 

Cape  Henry  —  —  — 

37 

00 

p 

c+ 

74 

25 

Quebeck  —  • —  * —  — 

47 

l5 

r-t 

£ 

68 

10 

New  York  —  —  — 

41 

00 

n> 

7  2 

05 

B  oft  on  — 1  —  ■ — ■  — 

42 

35 

68 

5° 

Trinity  Bay  —  —  — 

48 

27 

52 

r5 

Cape  St  Mary  —  —  — 

47 

10 

53 

20 

Placentia  —  — •  — 

47' 

57 

53 

00 

Cape  Charles  • —  —  — 

37 

H 

74 

15 

St  John's  Harbour  —  — - 

47 

28 

5L 

23 

Coaft  of  Hudfon's  Bay y  and 

the  Straits . 

• 

1 

Cape  Jones  —  —  — 

55 

°3 

78 

56 

Albany  River  —  —  — 

5i 

1 6 

79 

44 

Shark  Point  —  —  — 

6  4 

27 

83 

16 

Button's  IJle  < — ■  —  • — - 

60 

05 

66 

50! 

Cape  Charles  — •  —  — 

62 

35 

74/ 

36! 

Port  Nelfon  —  — 

57 

10 

1 

92 

5°l 

Den.  |  Weft  Longitude 
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Places  Names 

Lat. 

] 

Long. 

d 

r& 

? 

D. 

M. 

D. 

M. 

Coaft  of  America  in  the 

South-Sea. 

Cape  St  Sebafiian  —  — 

42 

40 

25 

129 

40 

Panama  ■ —  —  * 

08 

5 6 

• 

M 

82 

18 

Aquapulco  —  *  ’  • 

i5 

27 

L 

rt 

101 

03 

Cape  St  Lucia —  —  ~~ 

23 

25 

1 1 1 

56 

Cape  del  Ajugo  —  — 

1 6 

38 

88 

50 

Aric  a  * — •  * — 

18 

x  2 

74 

°7 

Baldivia  —  — * 

39 

35 

CO 

81 

l8 

Cape  Victory  — *  — 

52 

15 

0 

£ 

82 

56 

Cape  Horn 

57 

58 

r-t 

p- 

79 

44 

Coaft  of  Brazil  in  S.  America 

M 

p 

River  ‘Julian  * —  " 

48 

40 

rt 
►— *  • 
r-t 

£ 

74 

32 

ft) 

Cape  Blanco  • —  —  — 

46 

50 

a- 

0 

72 

05 

& 

St  Katharine's  JJle  —  — 

28 

00 

47 

5° 

d 

Cape  Frio  —  —  — 

23 

10 

42 

56 

O 

3 

Cape  Roque  —  —  — 

05 

00 

35 

52 

OQ^ 

Coaft  on  the  main  Continent 

Cu 

n> 

in  the  JVeft-Indies 

North  Cape  —  — *  “ 

02 

05 

49 

/* 

55 

Surinam  ■ — 

06 

00 

O 

56 

44 

Carthagena  - —  — 

IO 

50 

r-t 

P* 

75 

50 

Campechey  ■ —  ■ — •  — * 

*9 

20 

r 

93 

05 

Portobello  * — 

09 

55 

r-t 

• 

80 

15 

La  vera  Cruz  —  —  — 

f  9 

*5 

d 

n, 

100 

22 

Cape  Florida  —  — 

24 

48 

n> 

8 1 

55 

Southern  Ifiands 

Afcenjion  —  —  —  — 

07 

4° 

s 

H 

50 

St  Helena  —  • —  — •  * — 

1 6 

06 

s 

06 

30 

St  Matthew's  —  —  — 

01 

40 

s 

07 

50 

Princeps  —  - — 1  —  — 

•  01 

35 

N 

09 

03 

E 

St  Fhomas  - —  — 

00 

00 

08 

00 

E 

Annabona  —  — •  — 

01 

05 

s 

07 

3° 

E 

\  * 


_  .  . 
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Places  Names 

Lat. 

S.  Lat. 

Long. 

D. 

M. 

D. 

M. 

Coaft  of  the  Eaft-Indies 

o 

^  o 

^0  0 
0  0 

40 

41 

30 

15 

Mofambique  — *  —  •— 

River  de  Fugos  —  — 

Cape  de  Baftus  — •  —  — 

°4 

00 

44 

50 

Surat  —  —  - —  — 

21 

08 

73 

25 

Siam  Entrance  —  —  — 

*3 

10 

2 

ft 

IOI 

01 

Goa  —  — •  —  — 

3° 

r-t 

73 

50 

Fort  St  George  —  —  — 

l3 

08 

M 

81 

34 

Dew  Point  — ■  —  — 

i5 

5° 

L 

r-t 

81 

50 

Bengal  —  —  —  - — 

22 

27 

►— »  • 

c 

91 

49 

Malacca  —  — 1  —  — 

23 

32 

CL 

n> 

105 

05 

Cambodia  —  • —  — •  — 

10 

3° 

104 

20 

Nanquim  —  —  — • 

32 

55 

129 

30 

Elands  in  the  Eaft-Indies 

Abdeleur  —  —  —  • — 

12 

2  7 

N 

52 

35 

Almircant  Iftes ,  the  Eaftermoft 

03 

42 

S 

52 

20 

Bantam  in  Javes  —  — 

05 

37 

S 

105 

1 1 

Batavia  —  —  —  — 

05 

47 

s 

106 

27 

Babelmandel ,  in  the  Mouth  1 

XT 

45 

45 

of  the  Red  Sea  — •  5 

12 

25 

JN 

Borneo  —  • —  —  — 

04 

20 

s 

109 

50 

Good  Fortune  — •  < — •  - — 

01 

28 

s 

97 

20 

Java ,  Eaft  End  —  — 

06 

20 

s 

ll3 

37 

Japan ,  S.  Eaft  Point  — - 

34 

3° 

N 

l35 

35 

—  — S.  Weft  Point  — 

35 

20 

N 

12  6 

50 

Joanna  —  • —  —  — 

12 

10 

S 

41 

20 

Princes  Ifte  —  —  — 

05 

47 

s 

105 

1 1 

Zocatra  —  —  - — •  — 

12 

28 

N 

54 

20 

Madagafcar ,  South  End  \ 
of  St  Sebaftian  —  3 

25 

32 

S 

74 

15 

Coaft  of  the  Sound  and  Bal¬ 
iuk  Sea 

57 

33 

10 

N 

N 

12 

9 

25 

45 

i  f 

1  ! 

1  l 

S'* 

S'*  5*. 

[A  a] 


] 
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Nronton 


Places  Names 

 \ 

Lat. 

Long. 

d 

a 

p 

D. 

M. 

D. 

M. 

JLlfmore  — •  —  — ■  — 

56 

00 

12 

32 

Cophenhagen  —  —  — 

55 

40 

12 

30 

Stockholm  - —  .  —  — 

59 

20 

l8 

25 

Vyburgh  —  —  ■ —  — 

60 

20 

29 

26 

Peterjhurgh  * —  —  — 

59 

24 

29 

50 

Riga  —  —  —  - — 

56 

50 

24 

5° 

Coningfberg  — ■  — *  — 

55 

00 

20 

13 

Dantzick  —  —  — 

54 

22 

1 9 

IO 

Scaw  —  —  —  — 

57 

26 

IQ 

14 

Coaft  from  the  Naze  of  Nor- 

way  to  Archangel 

Naze  of  Norway  —  • — 

57 

** 

50 

2! 

0 

°7 

22 

Eafl 

1  -^^6  4 

North  Cape  —  —  — '  *Jy  i 

Standland 

Kilduyn  —  —  —  — 

Archangel-Ba 


62 

69 

64 

66 


00 

25 

10 

32 

3° 

31 


CWttf  3 


Jr  IJlands , 

jz/zi,  and  I 


vU 


*  « 


Bear  IJliek  h|1 
Hope  lj%r- 
(Satfnofe 
■  Point  Logout 
wn  Sound  • — 
Grims  IJland  • — 
Back  — r 


35 

*3 


rt 

£r 


r 


c 

D-i 

n> 


44 

40 

30 

43 

27 

20 


10 

22 

04 

3° 

40 

36 


40 

10 

38 

12 

3° 

10 


d 

o 

3 

CJQ 


Cu 

o 


l8 

12 

21 

44 

33 

13 

16 

25 

13 

56 

*7 

45 

10 

05 

H 

j  2 

A  Table 
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For  Numbers  increafing  in  their  Natural  Order 

from  Unity  to  iooop* 


~  +  .  'V  * 
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■  i 
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AM 
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!;W 


*li 
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' 
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»  I 
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A  Table  of  Logarithms. 


N. 


Logar. 


1 

2 

3 

4 

J> 

6 

7 

8 

9 

io 


0.00000 
0.30103 
0.47712- 
0.60206 
0.69897  I 


|  N.  I  Logar. 


II 


0.778  1  5 
o  8451c 
o  90309 
O 95424 
1 .0000c 


1 1 
I  2 

13 

U 

15 


l6 

*7 

18 

*9 

20 


2 1 

22 

23 

24 

25 


1. 04139 
1.07918 
1.11394 
1.14613 
1 . 17609 


1 .2041 2 
1 .23045 
1.25527 
1.27875 

1  •3OI°3 


1.32222 
1.34242 
1.36173 
1 .3802 1 


46!  1  66276) 

47 1 1 .67210' 
48 1 1 .68 1 241s 
49  1.69020' 

goji  69897 

5 1 1 1  -7°7  5  7 

52*1  71 600 

53  1  7H28 

54  1  -73239 

55  1  74°36 

1  74819 

1  *75  5^7 
1  76343 
1  77085 

1  -77s  1 5 


56 

57 
5  8 

59 

60 


61  1.78533 

62  1.79239 

63  1-79934 

64  1. 806 1 8 
65*  1.8 1 291 


66  1.81954 

67 

68 


69 

70 


1 .82607 
1  83231 
1 1  8  3  B'B  5 


26 

1.41497 

71 1 1 

27 

1  -43 1 3  6 

721 1 

28 

1  -44716 

73  1 

29 

1 ,46240 

74  1 

3° 

i-47712 

75  T 

3 1 

1.49136 

76 

32 

1.50515 

77j 1 

33 

1.51851 

78 

34 

1  •53*I48 

79 

35 

1  54407 

80 

36 

1.55630 

81 

■  37 

1 .56820 

82 

38 

'•57978 

83 

39 

1 .59106 

q  j 

04. 

40 

1 .60206] 

85 

41 

1  61278 

86 

42 

1.62325 

87 

43 

'  1.63347 

88 

44 

1.64345 

j  89 

!  45 

1.65321 

■  9° 

1  85  126 

1  -85733 
1 .86332 

1 .86923 
1.875 


1.93450 
1.93952 
1  94448 

1-94939 

1.95424 


1 .8808 1 
1.88  649 

1 .89209 
1.89762 

1 .90309 

2 1 

22 

23 

24 

2  5 

1 .90849 

26 

1.91381 

27 

1 .91908 

28 

1 .92128 

29 

1.92942 

30 

N. 

Logar.  ji 

N.  j  Logar. 

91 

1.95904 

136 

2.13354 

92 

1.96379 

37 

2.1  3672 

93 

1 .96848 

38 

2.13988 

94 

1  97  3 1 3 

39 

2.I43OI 

95 

1.97772 

40 

2.  I4613 

96 

1 .98227 

41 

2.  I4922 

97 

1 .98677 

42 

2  I5229 

98 

1  99 1 23 

43 

Z-I5534 

99 

T. 99564 

44 

2  15836 

IOO 

2.00000 

45 

2.l6l37 

101 

2.OO432 

46 

2.16435 

02 

2.00860 

47 

2  16732 1 

03 

2.OI284 

48 

2  17026 I 

°4 

2.OI703 

49 

2173 !9  | 

05 

2  021  19 

50 

2. 17609 

06 

2.O253I 

5 1 

2.17898 

07 

2.O2938 

52 

2.18184 

08 

>2.03342! 

53 

21 8469 

09 

;2- 03743 

54 

2  18752 

10 

■2.04139 

■  55 

2.I9033 

1 1 

2.04532 

56 

2.I9312 

1 2 

1 2.04922 

57 

2.  19590 

13 

12.05308 

58 

2.  I9866 

14 

■  2  O569O 

59 

2  20140 

1 5 

2.0607  I 

6c 

>1  2. 2041  2 

|  16 

2.06446 

6c' 

2.20683 

*7 

2.068  19 

1  62 

2.20952 

18 

2  - 07  I  80 

i  62 

2  2  I  2  I  9 

6c 

2.07555 

1  6/ 

L  2.21484 

2C 

- - 

2.07918 

\  6‘ 

2  21748 

2  08636 
2  08991 
2.09342 
2.0969 1 


2.10037 
2. 10380 
2.10721 
2.1 1059 
2-II394 


2.1 1727 
:  2.12057 
33|2. 12385 
34I  2.1 27 10 
35l2  !3°33 


2.2201 1 

%',2  222J2 

68  2. 225^1 

69  2.22789 

70  2  23045 


71 

72 

73 

74 

75 


76 


2  23300 1 
2  23553 
2.23805 
2  24055 
2  24304 


2.24551 


77  2.24797 


78 

79 

80 


2  25042 
2.25285 
2.25527 


A  ' Table  of  Logarithms . 


n! 

Lcgar. 

N. 

Logar. 

N. 

Logar. 

!  N- 

]  Logar. 

i  8  i 

2.25768 

226 

2.35411 

27 

2.43297 

316 

I - - - 

.2.49Q6Q 

82 

2.26007 

27 

2.35603 

7- 

*  2  43457 

*7 

2. 50106 

s3 

2  26245 

28 

2  35793 

71 

2.43616 

18 

2.50243 

84 

2  26482 

29 

2.35984 

7l 

1-  243775 

*9 

2 50379 

85 

2  26717 

3C 

2  36173 

75 1 2  43933 

20 

» 

2  50515 

86 

2.2695 1 

3* 

2  36361 

7^ 

2  44091 

21 

2.5065  1 

87 

2.27 184 

32 

2.36549 

77 

2.44248 

22 

2.50786 

88 

2  27416 

33 

2.36736 

73 

2.44404 

23 

2  50920 

89 

2  27646 

3.4 

2  36922 

79 

2  44560 

24 

2.51055 

90 

2.27875 

35 

2  37107 

80 

2.447 16 

25 

2.5  1 188 

91 

2.28 103 

36 

2.37291 

81 

2.4487 1 

26 

2.51322 

9  2 

2  28330 

37 

2  37475 

82 

2.45025 

27 

2  5*455 

93 

2.28556 

38 

2.37658 

83 

2  45179 

28 

2  5 *587 

94 

2  28780 

39 

2.37840 

8  4 

2*45  3  3  2 

29 

2.5 172c 

95 

2.29003 

40 

2  3802 1 

85 

2.45484 

30 

2.51851 

96 

2.29226 

4* 

2.38202 

86 

2.45637 

3* 

2.5*983 

97 

2  29447 

42 

2.38382 

87 

2.45788 

32 

2521 1 4 

98 

2.29667 

43 

2  38561 

88 

2  45939 

'  33 

2.52244 

99 

2.29885 

44  2.38739 

89 

2.46090 

34 

2  5 23 75 

200 

2.30103 

45  2  389*7 

9° 

2  46240 

35 

2.52504 

201 

2.30320 

46  2  39094 

9* 

2.46389 

36 

2.52634 

02 

2-3°535 

47 

2.3927° 

92 

2.46538 

37 

2  52763 

03 

2.30750 

48 

2  39445 

93 

2.46687 

33 

2.52892 

04 

2.30963 

49 

2.39620 

94 

2.46833! 

39 

2.53020 

°5 

2-3*i75 

5° 

2.39794 

95 

2.46982; 

40 

2.53148 

06 

2.3*387 

5* 

2  39967 

96 

2.47129 

4* 

2.53275 

°7 

2  3*597 

52 

2  40140 

97 

2.47276; 

42 

2.53403 

08 

2.3 1806 

53 

2.403  *  2 

98 

2.47422I 

43 

2.53529 

09 

2  32015 

54 

2.40483 

99 

2.47567 

44 

2.53656 

10 

2.32222 

55 

2.40654 

3  00 

2-477*2 

•  45 

2.53782 

1 1 

2.32^28 

56 

2  40824 

301 

2  47857 

46 

2.53908 

1 2 

2-32*34 

57 

2'-4°993 

02 

2.48001 

47 

2-54033 

13 

2.32838 

58 

2.41 162 

°3 

2.48144 

48 

2.54158 

*4 

2  33041 

59 

2  4*33° 

°4 

2.48287 

49 

2  54283 

r5 

2-33244 

60 

f 

2.41497 

°5 

2.48430 

50 

2.54407 

16 

2.33445 

61 

2  41664 

06 

2.48572 

5* 

2-5453* 

17 

2.33646 

62 

2  41S30 

°7 

2.48714 

5 2 

2.54654 

18 

2.33846 

63 

2  41996 

08 

2.4SS55 

53 

^•54777 

x9 

2.34044 

64 

2.42.160 

°9 

2.48996 

54)2  54900 

20 

2.34242 

65 

242325 

10 

2.49136 

55| 

2.55O23 

21 

2-34439 

66 

2.42488 

1  * ! 

2  49276 

56; 

2-55  *45 

22 

2  34635 

67 

2.4265 1 

12 

2.49415 

57 

2.55267 

23 ! 

2.34830 

68 

2. 428 1 3 

*3 

2.49554 

58 

2.55388 

|  24| 2  35C25 

60 

y 

2*4297  5  j 

*4 

2.49693 

59 

2.55509 

25 ;  2.35218  1 

70 

2.43*3611 

1 5 1 

2.49831  | 

6c 

2.^5630 
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Logar.  |  N.  Logar.  N.  I  Logar. 

2.60853 


2.55751 

2.55871 

2.55991 

2.56110 

2.56229 


2.56348 

2.56467 

2.56585 

2.56703 

2.56820 


2.56937 

2.57054 

2.57171 

2.57287 

2.57403 


85 


90 


2.57519 
2.5765 
2.57749 
•57864! 
2.57978 


2.58093 

2.58206 

2.58320 

2.58433 

2.58546 


2.58659 
2  5877I 
2.58883 
2.58995 
2.59IC6 


95 


2.59218 

2.59329 

2.59439 

2.59550 

2.59660 


2.59770 

2.59879 

2.59988 

2.60097 

2.60206 

2.603 14 
2.60423 
2.60531 
2.60638 
2.60746 


2.60959 
2.61066 
2.61 172 
2.61 278 


2.61 384 
.61490 

•61595 

61700 
2.6 1 805 


16 


2.61909 
2.61014 
2.61 1 18 
2.6222 1 
2.62325 


3° 


2.62428 
62531 
2.6273 
62737 
2.62839 


2.6294 
2.63043 
2.63 1 4^- 
2.63246 
2.63347 


2.63448 
2.63548 
2.63649 
2.63749 
2  63849 


2.63949 

2.64048 

2.64147 

2.64246 

2.64345 


2.64444 

2.64542 

2.64640 

2.64738 


45 1 1 2.6541 8 

52  2.655  18 

53  2.65610 

54  2.65706 

55  1 2.65801 


2.64933 
2.6503 1 
2.65 128 
2.65225 
2.6532 1 


56  2.65896 

57  2.65992 

58  2.66087 

59  2.66181 

60  2.66276 

61  2.66370 

62  2.66464 

63  2.66558 

64  2.66652 
65 1  2.66745 


Logar. 

496 1  2.69548 

97  2.69636 

98  2.69723 

99  2.69810 
500  2.69897 


501  2.69984 
02  2.70070 
03  2.70157 
04  2.70243 
05  2  70329 

06  2.7041 5 
07  2.70501 
08  2.70586 
09  2.70672 
10  2.70757 


66!  2.66839 

67  2.66932! 

68  2.67025! 

69  2.671 1 7 1 

70  2.67210 

7 1  2.67302' 

72  2.67394’ 

7  3 1 2.67486 
2.67378 
i  2.67669 


1 1  2.70842 

12  2  70927 

1 3  27 101 2 

14  2.71096 

1 5  2.7 1 18 1 

16  2.71265 

17  2.71349 

18  2.71433 

19  2.71517 

20  2.7 1600 


76 

2.67761  I 

2 1 

2.7  i  684 

77 

2.67852 

22 

2.7 1767 

78 

2.67943 

23 

2.71850 

79 

2.68034 

24 

2-7!  933 

80 

2.68 1 24 

25 

2.72016 

81 

2.68215  i 

26 

2.72099 

82 

2.68303 

27 

2.72181 

83 

2.68393  I 

28 

2.72263 

84 

2.68485 

29 

2.72346 

85 

2.68574 

30 

2.72428 

86 

2.68664 

31 

2.72509 

87 

2.68753 

32 

2.72591 

88 

2.68842 

33 

2.72673 

89 

2.68931. 

34 

2.72754 

90 

2.69020 

35 

2.72835 

9* 

2.69108 

36 

2.72916 

92 

2.69197 

37 

2.72997 

93 

2.69285 

38 

2  7307? 

94 

2.69373 

39 

2-73 1 5f 

1  95 

2.69461 

40 

2-7325( 
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iV. 

Logar. 

2V. 

541 

2. 73320 

586 

42 

273400 

87 

43 

273480 

88 

44 

2.73560 

89 

45 

2  73640 

90 

46 

2.73719 

91 

47 

2-73799 

92 

48 

2.73878 

93 

49 

2-73957 

94 

5° 

2.74036 

95 

5 1 

2-74II5 

96 

52 

2  74194 

97 

53 

2.74273 

98 

54 

2-7435 1 

99 

55 

2.74429 

600 

56 

2.74507 

601 

57 

2.74586 

02 

53 

2.74663 

03 

59 

2-74741 

04  : 

60 

2.748 19 

°5 

61 

2.74896 

06  ; 

62 

2.74974 

07  : 

63 

2. 75051 

08  : 

64 

2.75 128 

09  2 

65 

2.75205 

10  2 

66 

2.75282 

1 1  2 

6  7 

2  7  5.3  5  8 

12  2 

68 

2-75435 

13  2 

69 

2  75511 

14  2 

70 

00 

N 

15  2 

7i 

2.75664 

16  2 

72 

2.7574O 

1 7  2 

7.3 

2 -758i5 

18  2 

74 

2  75891 

19  2 

.  75 

2.75967 

20  2 

76 

2.76042 

21  2 

77 

2.761 1 8 

22  2 

78 

2.76193 

23  2 

79 

2.76268 

24  2 

276343 

25  2 

.  81  j 

2.76418 

26  2 

82 

2  76492 

27  2 

83 

2.76567 

28  2. 

84 

2.76641 

29  2 

85 

2.767 16 

30)2 

Logar. 

2.76790 
2.76864 
2  76938 
2.7701  2 
277085 

2-77I59 

2.77232 

2.77305 

77379 

2.77452 


2.77525 

77597 
77670 

77743 
2  77815 


7^533 

2  78604 
2  78675 


79099 

79169 


.79309 

79379 
79449 
795 18 


.79727 


•79934 
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N.  | 

Logar. 

iV. 

Logar.  | 

7  2 1  j  2 
222 
23  p 
24! 
25 

:  85794 

•85854! 

•.859H 

2 85974j  . 
2.86034 

766  2 

67  2 

68 
69 

7° 

5.88423 

5.88480 

5  88536 

2.88593 

2.88649 

26 

27 

28 

29 
3° 

31 

32 

33 

34 

35 

2.86094  | 
2  86153* 

2  86213I 
2.86273 1 
2  86332! 

7 1 

7.2 

73 

74 

75 

2.88705 
2.88762 
2.888 1 8 
288874I 

2  889305 

2  86392 | 
2  86431 
2.86510! 
2.86570 

2  86629 

76 

77 

78 

79 

80 

2.88986 

2.89042 

2  89098 
2.89154 

2  89209 

36 

2.86688  j 

81 

2  892651 

37 

2  86747! 

82 

2.8932  i  J 

38 

2.86806 

83 

2  8  q  3  7  6  E 

39 

2.86864! 

84 

2.89432^ 

40 

2  86923 | 

85 

2.804871 

41 

2  869821 

86 

2.89542! 

4  2 

2  870401 

87 

2  89597! 

43 

2  87099 

88 

2  89653j 

44 

2.87157 

89 

2  897081 

45 

2.87216 

1  9° 

2.89763I 

46 

2.87274 

!  91 

2.898 1  81 

47 

2.87332 

92 

2.89873 

40 

2.87390 

93 

2  89927 

49 

2  87448 

94 

2.89982 

5° 

2  87506 

95 

2 9OO37 

5 1 

2.87564 

96 

2  QOO9  1; 

52 

2.87622 

97 

2.9OI46I 

53 

2.87680 

98 

2  90200; 

54 

2.87737 

99 

2.90255 : 

55 

2  87795 

80c 

2.90309, 

56 

U  87852 

801 

2.90363: 

57 

[2.87910 

02 

2.90417! 

58 

1 2.87067 

°3 

2.90472 

59 

'  2.88024 

.  2.90526s 

6c 

2.88081 

°5 

2.90580^ 

61 

2.88 1 38 

0 1 

j  2.90634’ 

62 

2  88196 

0/ 

2.90687 

63 

2.88252 

■  oS 

2.90741! 

6^ 

2  88309 

oc 

> 

)  2.90795! 

65 

2  88366 

!  ic 

)  2  90849; 

N. 

Logar. 

N. 

Logar. 

81 1 

2.90902 

856 

2.93247 

12 

2.90956 

57 

2  93298 

13 

2.91009 

53 

2  93349 

H 

2.91062 

59 

2.93399 

J5 

2  91.IX6 

60 

2.93450 

16 

2  91169 

61 

2.93500 

l7 

2 91222 

62 

2-9355 1 

18 

2.qi275 

63 

2  93601 

*9 

2.91328 

64 

2  93651 

20 

2.91381 

65 

2.93702 

21 

2.9x434 

66 

2  93752 

22 

2  9X487 

67 

2  93802 

23 

2 . 9 I 5  40 

68 

2.93852 

24 

2.91593 

69 

2-93902 

2  5 

2  91645 

70 

2  93952 

26 

2  91698 

!  71 

2  94002 

27 

2  9175I 

!  7.2 

2  9405-2 

28 

2.91803 

j  73 

2.94101 

z9 

2  91855 

j  74 

2.94151 

30 

2.91908 

i  75 

12.94201 

3 1 

2  91960 

76)2:94250 

32 

2  92OI 2 

77 

'2.94300 

33 

2.92065 

78 

2-94349 

34 

2  92I 17 

79!  2-94399 

35 

2  92169 

8o[2  94448 

36 

37 

38 

39 

40 


41 

42 

43 

44 
43 


46 

47 

48 

49 
30 


5 1 

52 

53 

54 

55 


2  92,221 
2.92273 
2.022  24 
92376 
2.92428 


2.92480 
2.92531 
2.92583 
2  92634 


2  92686 


2.92737 
2.92788 
2.92840 
2  92891 
2.92942 


81 12.94498 
82-2.94547 
83!  2.94596 
84 1 2  94645 
85  ■2.94694 

~86 ;  2.94743 

8712.94792 


88 ' 2  94841 
89  2  94890 
90 1 2  94939 


2.92993 
2.93044 
2.93095 
2.93 146 
2  93197 


01  ',2.94988 
92j2  95036 

93  2  95o85 

94  2  95 1 34 

95 ! 2  95582 


96,2.95231 

97 1 2  95 279 

98  2.95328 

99 1 2  ^5376 
900 1 2  95424 
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f  N. 

Logar. 

N. 

Logar. 

N 

Logar.  [ 

N. 

Logar. 

901 

2.95472 

946 

2.97589 

991 

2-996o7  | 

1036 

301536 

02 

2*95  5 2 1 

47 

2.97635 

992 

2.99651  j 

1037 

3-01578 

03 

2.95569 

48 

2.9768  1 

993 

2  99695  j 

1038 

3.01620 

°4 

2.95617 

49 

2.97727 

994 

2 99739 i 

io39 

3.01662 

°5 

2.95665 

5° 

2.97772 

995 

2.997821 

1040 

3.01703 

06 

2.95713 

5 1 

2.978 1 8 

996 

2.99826! 

1041 

3.OI745 

°7 

2.95761 

52 

2  97864 

997 

2.99870 

1042 

3.01787 

oS 

2.95809 

53 

2.97909 

998 

2.99913 

xo43 

3.01828 

°9 

2  95856 

54 

2.97955 

999 

299957 

1044 

3.01870 

10 

2.95904 

55 

2.98000 

1000 

3.00000 

io45 

301912 

1 1 

2.95952 

56 

2.98046 

*1001 

3.00043 

1Q46 

3.01953 

12 

2  95999 

57 

2.98091 

1002 

3.00087 

io47 

3.OI995 

*3 

2.96047 

58 

2.98137 

IO°3 

3.001 30 

1048 

3.02036 

H 

2.96095 

59 

2.98 1 82 

j  1004 

3  00173 

1049 

3.02078 

*5 

2.96142 

60 

2  98227 

1 005 

3.00217 

j  io5° 

3  021 19 

16 

2.96190 

6 1 

2  98272 

i  1 006 

3.00260 

i  io5  1 

3.02160 

17 

2.96257 

62 

2.983  1 8 

!  I0°7 

3.00303 

j  1052 

3  02202 

18 

2.96284 

63 

2.98363 

i  1 008 

‘ 

3.00346 

1  io53 

3.02243 

!9 

2.96332 

64 

2.98408 

1 1009 

3  00389 

i 1  °5  4 

3.02284 

20 

2.96379 

65 

2  98453 

J 1 0 1 0 

3.00432 

1055 

3.02325 

21 

2.96426 

66 

2.98498 

-i  =  ii 

3-00475 

1056 

3.02366 

22 

2  96473 

67 

2  98543 

I  0  T  2 

3.005 18 

1037 

3.02408 

2  3 

2.965  20 

68 

2  9S5S8 

1013 

3.00561 

io58 

3.02449 

24 

2.96567 

69 

2:9863  2 

1014 

3.00604 

;I059 

3  02490 

25 

2.96614 

70 

2.98677 

1015 

3.00647 

1060 

3.02531 

26 

2.96661 

7i 

2.98722 

,IOl6 

3  00689 

1  1061 

3.02572 

‘  27 

2  96708 

72 

2.98767 

1017 

3  00732 

!  1 062 

3.026 1  3 

28 

296755 

73 

2.988 1  1 

j  101 8 

3.00774 

>065 

3.02633 

29 

2  96806 

74 

2.98856 

1 10,9 

3.00817 

!  1064 

3.02694. 

3° 

2  96848 

75 

2  98900 

!  1020 

l 

3  00860 

i  1065 

3.02733 

3  ! 

2.96895 

76 

2.98945 

l 

i  1  02  I 

3.00903 

i  1066 

3  02776 

32 

2.96942 

77 

2.98980 

1022 

3.00945 

1  I067 

3 .028 1 6 

33 

2.96988 

78 

2  99034 

-1023 

3.00988 

!  1068 

3.02857 

34 

2,97035 

79 

2.99078 

!  02  4 

3.01030 

:  1 069 

3  02898 

.35 

2.9708 1 

80 

2.99123 

1023 

3.01072 

\  1070 

\ _ • 

3.02938 

36 

2.97 128 

81 

2.99 167 

1020 

3-01115 

1 1  °7 1 

3.02979 

37 

2  97174 

82 

2.992 1 1 

I027j3.0I  I57 

11072 

3.03019 

38 

2.97220 

83 

2  99255 

1028 

i  3 -o 1  1 995 , 1  °7  3 

3  03060 

39 

2.97267 

84 

2.99300 

1029 

13.01242; 

;io74 

3.03 100 

40 

2.97313 

85 

2.99344 

io3oj3.oi284 

j1 075 

3  03141 

41 

2-97359 

86 

(2.99388 

j  103  1 13.01 326 

j  1076 

3.03181 

42 

2.97405 

87 

2.99432 

1  1032;  3.0 1 368 

,l077 

3 .03  222 

43 

2-9745  1 

88 

2.99476 

*°33 

I3.cn  410 

!  1078 

3  03262 

44 

2.97497 

89 

2.99520 

1  1 0 3 4 1 3  01452 

j 1  °7  9 

3.03302 

45 

2-97543 

9C 

2.99564 

1  1035 

!  3.oi494 

j  1080 

3-03342 
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Logar . 

3*i  1 594 
11628 
3 . 1 1 66 1 
3.1 1694 

3 -11727 

3.1 1760 

3-i*793 
3.1 1826 
3.1 1860 

3-**893 

j.i  1926 

3* 1 1 959 
3.1 1992 

3.1 2024 
3-izo  37 
3.1 2090 
3.1 2123 
3.12156 
3.12189 
3.1 2222 

TI254 

3.1 2287 
3.12320 
3.12353 
3- 1 2385 
3.12418 
3.1 2450 
3- 1 2483 
3.1 25 16 
3-12548 

3.12581 
3. 1 2613 
3.1 2646 
3.1 2678 
3.1 2710 

3-12743 

3-*2775 
3.1 2808 

3.12840 
3.1 287: 


N. 


*35 1 
*352 
*353 
*354 
*355 


3.12905 
.12937 
3.12969 
3.1 300 1 
3.13033 


*356 

*357 

*358 

*359 

1360 


1361 

1362 

*363 

*364 

*365 

1366 

1367 

1368 

*369 

1370 


Log, 


ar. 


3.13066 

3.13098 

3.1313° 

3.13162 

3*13*94 


3.1  3226 
3.13258 

3-*329° 

3-1 3322 

3**3354 


3.13386 
3.1 341 8 

3-*345° 

3.1 348 1 

3-*  35  *3 


*37* 

1372 

*373 

*374 

*375 


1376 

*377 
*  37s 
*379 


3-*  3545 

3 - 1  3577  | 

3.13609 1 

3.1364° 

3.13672 


3.13704 

3- *  3735 
3.13767 
3.13799  1 
3.  *  3830 


3.1 3862 

3  *  3893 

3. *3925 

3.13956 


1380  3.1 3988 


1381  3. 1 40 1 9 

1382  3.14051 
*383  3.14082 

1384  3.14114 

1385  3. 14145 


1386 

*387 

1388 

1 389 
*39° 


*39* 

1392 

*393 


3.14*76 

3.14208 

3.14239 

3.14270 

3-*43°* 


N. 

*396 

*397 

1398 

*399 

1400 


1401 

1402 

1403 

*4°4 

1405 


1406 

*4°7 

1408 

*409 

1410 


1*4*1 

1412 

*4*3 

*4*4 


;*4*5 


11416 

*4*7 

11418 

1419 

*420 


Logar . 


3.14489 

3-14520 

3  *  *  45  5 1 

3.14582 

3.1 461 3 


3.14644 

314675 
3. 14706 

3  -  *  4737 

3.14768 


3- *4799 

3.14829 

3. 14860 
3. 1489* 
3-*4922 


3**4953 
3.14983 
3.1 5014 
3.14045 
3. *5076 


3.1 5 106 

3-15*37 
3.1 5 168 
3.1 5 198 
3  -  *  5 2  2  9 
3.15259 
3.15290 
3. *5320 

3-  *535  * 
3  *  *  5  3  8  c 

3'54*2 


142 1 

1 422 

1423 

1424 

1425 

*426 

*  427 1 3  *  *  5 44 
1428 
*429 
1430 


3**4333 1 

3.14364’ 

3.14395 


*39413  H426 
*  395 ! 3- 1 4457 


*43* 

1432 

*433 

*434 

*435 


*436 

‘437 

*438 

‘439 

1440 


3-15473 
3* 1 5  5°3 
3-*  5  534 


3  -  *5564 

3  -  *5594 

3.1 5625 

3*5655 

3.15685 


3*57*5 

3.15746 

3.15776 
3. 15806 
3  15836 
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N. 

Logar. 

TV. 

Logar. 

N. 

Logar. 

N. 

Logar. 

1441 

3. 15866 

1 486 

3. 17202 

i53i 

3.18498 

1576 

3-19756 

H42 

3-x5897 

1487 

3.1723! 

1532 

3.18526 

1577 

3-I9783 

H43 

3-*5927 

1 488 

3.17260 

1 5  3  3 

3- "8554 

1578 

3.1981 1 

1444 

3-'5957 

1489 

3.17289 

1 5  3  4 

3 . 1 8  5  8  3 

1 5  79 

3.19838 

H45 

3* 1 5987 

1490 

3-17319 

*535 

3.1 861 1 

1580 

3. 19866 

H46 

3.16017 

1491 

3.17348 

1536 

3.18639 

1581 

3.19893 

*447 

3. 1 60471 

1 49  2 

3-17377 

1 5  3  7 

3.18667 

1582 

3.19921 

1448 

3.16077! 

1 493 

3.17406 

1538 

3  18696 

■583 

3.19948 

*449 

3.16107; 

H94 

3-17435 

1 5  39 

3.18724 

1584 

3  19976 

*4«»o 

3  *6137 

1 495 

3.17464 

1 54° 

3**8752 

i;8; 

3.20003 

1 45 1 

3  16167! 

*496 

3-17493 

1541 

3.1 8780 

1585 

3.20030 

1452 

3  *6197; 

1497 

3.17522' 

*542 

3. 18808 

1587 

3  20058 

1 45  3 

3. 16227 

1498 

3*i755 1 1 

1 543 

3  18837 

I388 

3.20085 

H54 

3.16256 

H99 

3.17580 

1 544 

3. 18865 

I589 

3.201 1 2 

*455 

3.16286 

1500 

3  *7609 

1 5  45 

3.18893 

1590 

3.2014c 

*456 

3.163 16 

1501 

3  * 1 763  8 

*546 

3  18921 

1 59  * 

3  20167 

1 45  7 

3  *6346 

1  502 

3.17667 

1 547 

3  i8949 

1 5  92 

3  20  I  0/1 

1458 

3.16376 

T3°3 

3.17696 

1348 

3.18977 

15^3 

3 .20222 

*459 

3.16406 

1504 

3.17725 

1549 

3  I9°°5 

1 594 

3  20249 

1460 

3.16433 

1505 

3-17754 

1550 

3  x9°33 

159^ 

3.20276 

1461 

3.16465 

1506 

3**7783 

1 5  5 1 

3 . 19061 

!596 

3  20303 

1462 

3.16495 

1507 

3*1 7s  1 1 

1 552 

5.!  9089 

1 597 

3.20330 

1 463 

3.16524 

1 508 

3.17840 

1 553 

3- 1 9 1 1 7 

1598 

3.20358 

*464 

3. 16554 

!  5°9 

3. 17869 

1 5  5  4 

3-19*45 

1 5  99 

3.20385 

1465 

3.16584 

1510 

3.17898 

1 5  5  5 

3  19173 

1600 

3.2041 2 

1466 

3  16613 

1 5 1 1 

3.17926 

1 356 

3  19209 

1 601 

3.20439 

*467 

3  1 6643 

\ 1 5 1 2 

3-179551 

1 5  57 

3.19229- 

1602 

3 .20466 

1468 

3.16673 

1 5  1 3 

3. 17984! 

1558 

3  i9257 

1603 

3.20493 

1469 

3. 16702 

jI5I4 

3.18013 

1 5  5  9 

3.19285 

1604 

3 .20520 

1470 

3-16732 

i5!5 

3.18041 

1  c;6o 

3-193I2 

1 605 

3  20548 

1 47  1 

3.16761 

1516 

3.180701 

1561 

3-i934o 

1 606 

3.20575 

*47  2 

3.16791 

1517 

3.18099 

1 562 

3- 1 9368 

1607 

3.20602 

1 47  3 

3.16820 

1518 

3.18127 

1563 

3  - 1 9396 

1608 

3.20629 

H74 

3.16850 

1519 

3.18156; 

1564 

3.19424 

1609 

3  20656 

M75 

3.16879 

1520 

3.18184 

1565 

3  19451 

1610 

3  20683 

*476 

3. 1 6909 

1521 

3 . 1 8  2 1 3 

1566 

3.19479 

1 6 1 1 

3.207 10 

1 477 

3.16938 

1522 

3  18241 

1567 

3  1 95°7 

1612 

3  20737 

1478 

3.16967 

T523 

3 . 18270' 

1568 

3-19535 

1613 

3.20763 

1 479 

3.16997 

1524 

3.18299; 

"569 

3.19562 

1614 

3.20790 

1480 

3.17026 

1525 

3 . 1 83  27 

1570 

3.19590 

1615 

3. 208 1 7 

1481 

3.17056 

1526 

3-  i8355 

1 57 1 

3. 19618 

1616 

3.20844 

1 482 

3.17085 

l-527 

3 . 1  S3  84 

1572 

3.19645 

1617 

3.20871 

1483 

3.17114 

1528 

3.18412 

1 573 

3  * 1 967  3 

1618 

3.20898 

1 484 

3-17143 

1529 

3.18441 

1 5  74 

3.19700 

1619 

3  20925 

*485 

3.17173 

153  °i  3  -,i  8469 

1 57  5 

3.19728 

1620 

3.20952 

-->— — ^ — 
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N. 

Logar. 

N. 

Logar. 

N. 

Logar . 

N. 

Logar. 

1621 

3.20978 

1666 

3.22168 

1 71 1 

3-23325 

*756 

3.24452 

1622 

3  21001; 

1667 

3.22194 

1712 

3-2335° 

*757 

3-24477 

1623 

3.21032 

1668 

3.22220 

*7*3 

3.23376 

1758 

3.24502 

1624 

3.21059 

1669 

3.22246 

*7*4 

3.23401 

*759 

3.24527 

1625 

3.21085 

1670 

3.22272 

*7*5 

3.23426 

1 760 

3.24551 

1626 

3  21112 

1671 

3.22298 

1716 

3.23452 

1761 

3.24576 

1627 

3-21  I39 

1672 

3.22324 

1717 

3-23477 

1762 

3.24601 

1628 

3  2116c 

1673 

3.22350 

1718 

3.23502 

1763 

3.24625 

1629 

3  21  192) 

1674 

3.22376 

*7*9 

3.23528 

1764 

3.24650 

1630 

3.21 219 

.675 

3.22401 

1 720 

3-23553 

1765 

3.24674 

1631 

3.21245 

1 676 

3.22427 

1721 

323578 

1766 

3.24699 

1632 

3.21272 

1677 

3.22453 

1722 

3.23603 

1767 

3.24724 

1633 

3.21299 

1678 

3.22479 

1723 

3.23629 

1768 

3.24748 

1634 

2.21325 

1679 

3.22505 

1724 

323654 

1769 

3-24773 

•'635 

3.21352 

1680 

3  22531 

1725 

3.23679 

1770 

3-24797 

1636 

3.21378 

1 681 

3.22557 

1 726 

3.23704 

1771 

3.24822 

1637 

3.21405 

1682 

3.22583 

1727 

3.23729 

1772 

3.24846 

1638 

3. 21.431 

1683 

3.22608 

1 728 

3-23754 

*773 

3.24871 

.639 

3  21458 

1684 

3.22634 

*729 

3.23780 

*774 

3.24895 

1640 

3.21484 

1685 

3.22660! 

1730 

3.23805 

*775 

3.24920 

1641 

3.2151 1 

1686 

3.22686 

*73* 

3.23830 

1776 

3.24944 

1642 

3-2*537 

1687 

3.2271 2 

1732 

3.23855 

*777 

3.24969 

1643 

3.21564 

1688 

3.22737 

*733 

3.23880 

1778 

3.24993 

1644 

3-21590 

1689 

3.22763! 

1*734 

3.23905 

*779 

3.25018 

1645 

3.216:7 

1690 

3.22789 

*735 

3.23930 

1 780 

3  25042 

1646 

3.21643 

1691 

3.22814! 

1736 

3  23955 

1 781 

3. 25066 

1647 

3.21669 

1692 

3. 22840 1 

*737 

3  23980 

1782 

3  25091 

r  648 

3.21696 

1693 

3  22866 

1738 

3.24005 

I1783 

3.25115 

1649 

3.21722 

1694 

3.22891 

*739 

3  24°3° 

1784 

3.25139 

1 650 

3.21748 

1695 

3.22917 

1740*3. 24055 

i«785 

3.25164 

165 1 

3.21775 

1696 

3.22943 

1741 

3.24080 

1 786 

3.25 1 88 

1 632 

3  21801 

1697 

3.22968 

'742 

3  24*05 

*787 

3.25212 

*653 

3.21  827 

1 698 

3.22994 

*743 

3  24130 

1 7^ »  3-25237 

1654 

3.21854 

1699 

3.23019 

*744 

3-24*55 

1789  3  25261 

1 65  5 

3.21 880 

1700 

3.23045 

*745 

3.241 80 

1790  3.25285 

1656 

3.21906 

1 701 

3.2307° 

*746 

3. 24204 

1791:3.25310 

*657 

3.21932 

1 702 

3.23096 

*747 

3  24229 

*792I3-25334 

1 658 

3  21958 

1703 

3.23121 

1748 

3.24254 

1 793 ! 3  25358 

*659 

3.21985 

1704 

3-23*47 

*749 

3.24279 

*  794l3*253B2 

t  660 

3. 2201 1 

1 705 

3.23172 

1750 

3.24304 

*795 

33.25400 

1661 

3  22037 

!  706 

3.23198 

*75* 

3.24329 

1796 

3.25431 

s  662 

3.22063 

I7°7 

3  23223 

1752 

3  24353 

*797 

3.25455 

1663 

3.22089 

1 708 

3.23249 

*753 

3.24378 

1798 

3-25479 

1664 

3  221  I  5 

1709 

3.23274 

*754 

3  244°3 

*799 

3.25503 

:66c 

3.2214I 

1710 

3.23300 

*755 

3.24428 

180013.25527 
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JV. 

Logar. 

N. 

Logar. 

JV. 

Logar. 

N. 

Logar . 

1 801 

3  *  25  5  5 1 

1 846 

3.26623 

1 891 

3.27669 

1936 

3.28691 

1802 

3*25575 

1847 

3.26647 

r  892 

3.27692 

1 9  3  7 

3.28713 

1803 

3.25600 

1 848 

3.26670 

1893 

3-277I5 

1938 

3.28735 

1804 

3.25624 

1849 

3.26694 

i894 

3.27738 

1 939 

3.28758 

1805 

3.25648 

1 850 

3.26717 

i895 

3.27761 

1940 

3.28780 

1806 

3.25672 

1851 

3.26741 

I  896 

3.27784 

I94I 

3.28803 

1807 

3.25696 

1832 

3.26764 

1897 

3.27807 

1942 

3.28825 

1808 

3.25720 

•  853 

3.26788 

I  898 

3.27830 

1 943 

3.28847 

1 809 

3*25744 

1854 

3.2681 1 

I899 

3.27853 

*944 

3.28870 

1810 

3.25768 

1 85  5 

3.26834 

1900 

3.27875 

*945 

3.28892 

I  81 1 

3.25792 

I  856 

3.26858 

1901 

3.27898 

19^6 

3.28914 

1812 

3.25816 

1857 

3.26881 

1902 

3.27921 

1 947 

3.28937 

1813 

3.25840 

I858 

3.26905 

1903 

3*27944 

i94g 

3.28959 

1814 

3.25864 

1 8S9 

3.26928 

1904 

3.27967 

1949 

3.28981 

1815 

3.25888 

I  860 

3.26951 

I9O5 

3.27990 

i95° 

3.29003 

1816 

3.25912 

l86l 

3.26975 

1906 

3. 2801  2 

1951 

3.29026 

1817 

3-25935 

I  862 

3.26998 

1907 

3.28035 

*952 

3.29048 

1 81 8 

3.25960 

I863 

3.27021 

1908 

3.28058 

1 95  3 

5.2907c 

1819 

3.25983 

I  864 

3.27045 

1909 

3.28081 

!954 

3  29092 

1 820 

3.26007 

1865 

3.27068 

1910 

3.28103 

1 95  5 

3-291 15 

1 821 

3.2603 1 

1 866 

3.27091 

191  I 

3.281  26 

■956 

3-29*37 

1822 

3.26055 

1 867 

3.27114 

1912 

3.28149 

1 9  5  7 

3.29159 

1823 

3.26079 

1868 

3.27138 

1913 

3.28 1  72 

■9,-8 

3.291  81 

1 824 

3.26102 

1 869 

3.271 61 

1914 

3.28194 

1 95  9 

3.29203 

1 825 

3.261 26 

1 870 

3.27184 

1915 

3.2821  7 

i960 

3.29226 

1 826 

3.26150 

1 871 

3.27207 

I9l6 

3.2824a 

1961 

3.29248 

1 S27 

3.26174 

T  872 

3-27231 

I9I7 

3 .28262 

1962 

3.29270 

1828 

3  26198 

lS73 

3.27254 

1918 

3.28285 

■963 

3.29292 

1 829 

3.26221 

*874 

3.27277 

[919 

3.28308 

I964 

3.29314 

1830 

3.26245 

1875 

3.27300 

1920 

3,28330 

I965 

3.29336 

1831 

3.26269 

1876 

3  27323 

1921 

3*28353 

I966 

3.29358 

1832 

3.26293 

1877 

3*27346 

1922 

3-28375 

^67 

3.29380 

1833 

3.26316 

1878 

3  27370 

1923 

3.28398 

I968 

3.29403 

1 834 

3.26340 

1 879 

3-27393 

1924 

3.2842 1 

I969 

3.29425 

i835 

3.26364 

1 880 

3.27416 

1925 

3.28443 

I97° 

3.29447 

I836 

3.26387 

1881 

3*27439 

I926 

3.28466 

1971 

3.29469 

1837 

3.2641 1 

1 882 

3.27462 

1927 

3.28488 

1972 

3.29491 

.838 

3.26435 

1883 

3.27485 

1928 

3.285  1 1 

1 973 

3-295*3 

1  ^39 

3.26458 

1 884 

3.27508 

1 929 

3-28533! 

*974 

3-29535 

1  840 

3.26482 

1885 

3-2753  1 

1930 

3.28556; 

1 9  7  5 

3*29357 

1841 

3  26505 

1886 

3-27554 

•93 1 

3.28578 

!976 

3.29579 

1 842 

3.26529 

1887 

3-27577 

.1932 

3.28601  j 

1 977 

3.29601 

1843 

3.26553 

1888 

3.27600 

1 93  3 

3.28623 

1978 

3.29623 

,844' 

3.26576 

1889 

3.27623 

’  934 

3.28646 

*979 

3  29645 

1 184; 

3.26600 

1 890 

3.27646 

1 93  5 

3.28668 

1980 

3.29667 

»* 
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N. 

Logar. 

iV. 

Logar. 

N. 

Logar. 

N. 

Logar. 

1981 

3.29688 

2026 

3.30664 

2071 

3.3  161  8 

2116 

3-32552 

1982 

3.29710 

2027 

3.30685 

2072 

3- 3*639 

2117 

3-32572 

1983 

3.29732 

2028 

3.30707 

2073 

3.3  1660 

21 1 8 

3-32593 

1984 

3.29754 

2029 

3.30728 

2074 

3.3  1681 

2119 

3.3261  3 

1985 

3.29776 

2030 

3.30750 

2075 

3.31702 

2120 

3-32634 

1986 

3.29798 

203 1 

3-3077' 

2076 

3-3 1 723 

2121 

3.32654 

1987 

3. 29820 

2032 

3.30792 

2077 

3  3 ' 744 

2122 

3.32675 

1 988 

3.29842 

2033 

3.30814 

2078 

3-3*765 

2123 

3.32695 

1989 

3.29863 

2034 

3.30835 

2079 

3-3'785 

2124 

3-327*5 

.990 

3.29885 

2035 

3.30856 

2080 

3.31806 

2125 

3-32736 

1991 

3.29907 

2036 

3.30878 

2081 

3.31827 

2126 

3-32756 

1992 

3.29929 

2037 

3.30899 

2082 

3.31848 

2 1 27 

3-32777 

1993 

3-2995 1 

2038 

3.30920 

2083 

3.31869 

2128 

3-32797 

'994 

3-29973 

2039 

3.30942 

2084 

3.3*890 

2129 

3.32818 

'995 

3.29994 

2040 

3.30963 

2085 

3.3 191 1 

2130 

3.32838 

1996 

3.30016 

2041 

3.30984 

2086 

3-3*93* 

2131 

3.32858 

'997 

3.30038 

2042 

3.3  1006 

2087 

3 -3  *  9  5 2 

2132 

3  32879 

■99» 

3.30060 

2043 

3.31027 

2088 

3  3*973 

2*33 

3.32899 

1999 

3.30081 

2044 

3.31048 

2089 

3.31994 

2134 

3.32919 

2000 

3 .3° 1 03 

2045 

3 . 3 1 069 

2090 

3.3201  5 

21 35 

3-32940 

2001 

3.30  j  25 

2046 

3.31091 

2091 

3.32035 

2136 

3.32960 

;  2002 

3.30146 

2047 

3.3  I  I  I  2 

2092 

3.32056 

2137 

3.32980 

2003 

3 .3° 1 68 

2048 

3-3 1 1 33 

2093 

3.32077 

2138 

3.33001 

2004 

3-3°*9° 

2049 

3-3  1 '54 

2094 

3.32098 

2139 

3-33°zi 

2005 

3.3021 1 

2050 

3  3 1 1 7  5 

2095 

3.321 18 

2140 

3-3304I 

2006 

3.30233 

205 1 

3 -3 1 1 97 

2096 

3  *  3 2 1 39 

2141 

3.33062 

2007 

3.30255 

2052 

3.31218 

2097 

3.32160 

2142 

3.33082 

2008 

3.30276 

2053 

3  *3 1 2  39 

2098 

3.32181 

2*43 

3.33102 

2009 

3.30298 

2054 

3.3 1 260 

2099 

3.32201 

2144 

3.33122 

2010 

3.30320 

205  5 

3.3 1  28 1 

2100 

1 3.32222 

2145 

3-33*43 

201  I 

3.30341 

2056 

3.31302 

2101 

3.32243 

2146 

3-33*63 

2012 

3-3°363 

2057 

3  •  3 1 3  2  3 

2102 

3.32263 

2*47 

3  33*83 

2013 

3.30384 

2058 

3-3 1 345 

2103I  3.32284 

2148 

3-33203 

2OI4 

3.30406 

2059 

3  3' 366 

2104  3.32305 

2*49 

3.33224 

201  5 

3.30428 

2060 

UJ 

00 

2105 

3.32325 

2 1 50 

3*33244 

2016 

3.30449 

2061 

3.31408 

2106 

3.32346 

2151 

3.33264 

2OI7 

3.30471 

2062 

3-3  *429 

2107 

3.32366 

2152 

3.33284 

2018 

3.30492 

2063 

5.81450 

z  108 

3.32387 

2*53 

3.33304 

2OI9 

3.30514 

2064 

3 -3 1 47 1 

2109 

3.32408 

2*54 

3-33325 

2020 

3'30535 

2065 

3.31492 

2110 

3.32428 

2*55 

3  33345 

2021 

3-30557 

2066 

3-3 1 5 1 3 

21 1 1 

3.32449 

2iSg 

3-33365 

2022 

3-30578 

2067 

3-3 1 534 

-2112 

3.32469 

2*57 

3-33385 

2023 

3.30600 

2068 

3*3 1 555 

2113 

3.3249c 

2158 

3-334°' 

2024 

3  30621 

2069 

3-3 1  576 

2114 

3  3  2  5  * 1 

2*59 

3-33425 

2025 

3.30643 

2070 

3*3  *  597 

Izi  1  5 

3.32531 

j  2160 

3-33445  1 

i 


V 
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N. 

Logar. 

N. 

Logar. 

N. 

2161 

3-33465 

2206 

3  3436i 

2251 

2162 

3.33486 

2207 

3.34380 

2252 

2163 

3.33506 

2208 

3.34400 

2253 

2164 

3*335  26 

2209 

3-34420 

2254 

216513.33546 

2210 

3-34439 

2255 

2166 

3.33566 

221  i 

3-34459 

2256 

2167 

3-33586 

22  1  2 

3-34479 

2257 

2168 

3,33606 

2213 

3.34498 

2258 

2169 

3.33626 

2214 

3.34518 

2259 

2170; 

3.33646 

2215 

3-34537 

2260 

2171 13.33666 

22l6 

3-34557 

2261 

2172(3. 33686 

22  1  7 

3-34577 

2262 

2173 ! 3  337°6 

22  I  8 

3-34596 

2263 

2174 

3-33726 

2219 

3.34616 

2264! 

2175 

3  33746 

2220 

3-34635 

2265? 

2176 

3  33766 

2221 

3-34655 

2266 

21 77 

3.33786 

2222 

3-34674 

1 2267 

2178 

3.33806 

2223 

3-34694 

2268 

2179 

3.33826 

2224 

3  •  347 1 3 

1 2269 

2180 

3.33846 

2225 

3-34733 

1 2270 

i 

2181 

3  33866 

2226 

3-34753 

2271 

2182 

3  33885 

2227 

3-34772 

1 2272 

2183 

3-339°5 

2228 

3.34792 

!  2  27  3 

2184 

3-33925 

2229 

3.34811 

2274 

2185 

3-33945 

223O 

3.34830 

2275 

2186 

3-33965 

2231 

3 -34850  { 

12276 

2187 

3  33985 

2232 

3.54869! 

’2277 

2188 

3.34005 

2233 

3.348891 

12278 

2189 

3  34025 

|2234 

3.34908! 

2279 

2190 

3-34044 

2235 

3.349285 

2280 

2191 

3-34064 

2236 

3-34947 | 

i  2281 

2192 

3  34o84 

(2237 

3-34967j 

(2282 

2193 

3  -  3  4 1 0  4 

12238 

3.34986 

2283 

2194 

334124 

2239 

3-35005 

2284 

2195 

3-34H3 

2240 

3.35025 

2285 

2  5  96 

3.34163 

2241 

3-35044 

2286 

2197 

3-34i83 

2242 

3.35065 

2287 

2198 

3.34203 

2243 

3-35o83 

2288 

21 99 

3  34* 2 3 * *23 

2244 

3  35 102 

2289 

2200 

3.34242 

2245 

3*35 1 22 

2290 

2201 

3-14^lF 

2246 

3 • 3  5 1 41 

2291 

2202 

I2  247 

3.35160 

2292 

2203 

7-34301 

2248 

3.35180 

2293 

2204 

3.34321 

2249 

3-35*99 

2294 

2205 

3.34341 

2250 

3.35218 

2295 

Logar. 


■35295 

•353*5 


•35334  23°l 
•35353  2302 
2303 

23c4 
3-3541 1 j  2305 


N. 

2296 

2297 

2298 

2299 

2300 


•3543°! 


3-35545; 
3-35564j 

3-35583; 

3-35  603  ['231 5 

i 


2306 

2307 

2308 
2300 
2310 


2311 

2312 

23*3 

2314 


3.35622J23I6 


3.35660  1 23 1 8 
3-35679:|23i9 

3  3569811 2320 


3-357 1 7 


3-3 5736;  2322 


3  35755 
35774 
3-35793 

3-358l3 

3  •  3  5  8  3  2 

3  3  5  8  5 1 

3 -3  5  8  7°  j 

3.35889! 


1321 


2323 

2324 

2325 

1  - - 1 

i  2326 

U327 

2328 

2329 

2330 


3.35908; 

3-35927 i 
3-35946! 
3-35965 
3-35984 


3.36003 

3.36021 

3.36040 

3-36059 

3.36078 


233 1 

2332 

2333 

2334 

2335 


2336 

2337 

2338 

2339 

2340 


- - - 

Logar. 

3.36097 
3.361 16 
3-36135 
^•36154 

3.36173 


3.36192 
3.3621  1 
3.36229 
3.36248 
3.36267 


3.36286 

3-36305 
3.36324 
3  36342 
3.36361 


3.36380 

3.36399 

3.36418 

3-36436 

336455 


3-36474 
336493 
3-3651 1 
3-36530 
3-36549 


3.36568 

3.36586 

3.36605 

3.36624 

3.36642 


3.36661 
3.36680 
3.36698 
3.36717 
3  36736 

3  36754 
3-36773 
3.36791 
3.36810 
3-36829 

3.36847 

3.36866 

3.36884 

3.36903 

3.36922 
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N. 

Logar. 

iV. 

Logar. 

N. 

Logar. 

N. 

Logar. 

2341 

3.36940 

2386 

3-37767 

243 1 

3-38579 

2476 

3-39375 

2342 

3.36959 

2387 

3-37785 

2432 

338599 

2477 

3-39393 

2343 

3  36977 

2388 

3.37803 

2433 

3.38614 

2478 

3-3941° 

2344 

3.3,6996 

2389 

3.37822 

2434 

3-38632 

2479 

3-39428 

2  3  45 

3.37014 

2390 

3.37840 

243  5 

3.38650 

2480 

3-39445 

2346 

3  37°33 

2391 

3-37858 

2436 

3.38668 

2481 

3-39463 

2347 

3  37°51‘ 

2392 

3-37876 

2437 

3.38686 

2482 

3.39480 

2348 

3  37°7Qj 

2393 

3-37894 

2438 

3 -3P7°3 1 

2483 

3.39498 

2349 

3.37088 

2394 

3 -379 1 2 

2439 

3.38721  j 

2484 

3-395*5 

23S° 

3-37107 

2395 

3-37931  j 

2440 

3-38739j 

2485 

3-39533 

2351 

3  371 25 | 

2396 

3-37949| 

2441 

3  38757! 

2486 

3-3955° 

23  52 

3  •  3  7 1 44  j 

2397 

3-37967I 

2442 

3-38775; 

2487 

3.39568 

2353 

3  37i62 

2398 

3.37985! 

?443 

3.38792! 

2488 

3.39585 

23  54 

3.37181 

2399 

3.38OO3! 

2444 

3.38810; 

2489 

3.39602 

2355 

3-37I99 

2400 

3.3802li 

2445 

3.38828 

2490 

3  39620 

2356 

3.37218 

2401 

3-38039; 

2446 

3.38846, 

2491 

3-39637 

2357 

3-37236 

2402 

3-38057; 

2447 

3.38863; 

2492 

3-39655 

2358 

3-37254 

2403 

3-38075| 

.2448 

3  38881 

2493 

3  39672 

2359 

3  37273 

2404 

3.380931 

-  2449 

3.38899; 

2494 

3.39690 

2360 

3  37291 

2405 

3.38  I  I  21 

‘2450 

3.38917; 

2495 

3.39707 

2361 

3-373  10 

2406 

3- 38  s  30H245;  I 

3  38934' 

2496 

3.39724 

2362 

3.37328 

2  4°  7 

3.38146  12452 

3.58952 

2497 

3-39741 

2363 

3.37346 

2408 

3.38166  12453 

3.38970 

2498 

3-39759 

2364 

3  37365! 

2409 

3  38184,12454 

3.38987 

2499 

3-39777 

2365 

3-373R3. 

2410 

3.38202! 

j 2  4  5  5 

3  39005 ; 

25°°:  3-39794 

2366 

3  -  3  74° 1 

241 1 

3.38220; 

,2456 

3.39022 

25°ij  3-398i  1 

2367 

3.37420 

241 2 

3.38238*; 

2457 

3-3904I. 

25°2i3-39829 

2368 

3  37438 

2413 

3  38256; 

2458 

3  39058. 

25°3!3-39846 

2369 

3-37457 

2414 

3  38274 

2459 

3  39°76 

250413.39863 

2.370 

3  37475 

2415 

3.38292 

2460 

3.39094 

250513-39881 

237J 

3  37493 

2416 

3  38310 

12461 

3  3  9 1  1  1 . 

2506 

3.39898 

2372 

3  *3  7  5 1  1 

2417 

3.38328 

U462 

3.39129; 

1 2  5  0  7 

3-39915 

2373 

3  37530 

241  8 

3.38346 

!  2463 

3  •  3  9 1 46 1 

;  2508 

3  39933 

2374 

3-37548 

2419 

3  38364 

j  2464 

3-39i64( 

|25°9 

3  5995° 

2375 

3  37566 

2420 

3*38382 

12465 

3.39182; 

|25IO 

3-39967 

2376 

3-37585 

2421 

3>38399 

1 2466 

3.39199! 

25 1 1 

3*39-985 

2377 

3-37603 

2422 

3.38417 

1 246  ~ 

3  •  3  9  2 1 7 1 

251 2 

3.40002. 

2378 

3.3762; 

2423 

3-38435 

!  2468 

3-39236! 

2513 

3.40019 

2379 

3-37639 

2424 

3-38453 

2469 

3.39252! 

12514 

3.40037 

2380 

3  37658 

2425 

CO 

--1 

2470 

3.39270! 

j25 1 5 

3  40054 

2381 

3.37676 

2426 

3  38489 

2471 

3.39287 

25^ 

3-40c7i 

2382 

3  37694 

2427 

3-38507 

2472 

339305 

2517 

3.49088 

2383 

3.37712 

2428 

3  38525 

2473 

3.39322 

251 8 

3>4oio6 

2384 

3-3773  1 

2429 

3-38543 

2474 

3-3934° 

2519 

3  40123 

238? 

3-37749 

2430 

3-38961  j 

247^ 

3'  3W8 

2C  20 

%  40 1 44 
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N. 

Logar. 

N. 

Logar.  j 

N. 

Logar.  J 

N. 

Logar . 

2521. 

2522 

2523 
252+ 

2525 

2526 

2527 

2528 

2529 

2530 

3 -4°  *57 

3 -4° *75 
3.40192 

3.40204 

3 .40226 

3.40243 

3.40261 

3.40278 

3.40295 

3-4°3*z 

2566 

2567 

2568 

2569 
257° 

2571 

2572 

2573 

2574 

2575 

3.40926 

3.40943 

3.40960 

3.40976 

3.40993 

2611 

2612 

2613 

2614 

2615 

3.41681 

3.41697 

3 -4*7*4 
3-4*73* 
3-4*747 

2656 

2657 

2658 

2659 

2660 

3.42423 

3.42439 

3.42456 

3.42472 

3  >42488 

3.41010 

3-4I027 

3.41044 

3.41061 

3-4I578 

2616 

2617 

2618 

2619 

2620 

3.41764 

3.41780 

3-4*797 
3-4*  8*4 
3.4*830 

2661 

2662 

2663 

2664 

2665 

3.42504 

3.42521 

3-42537 

3-42553 

3.42570 

253* 

2532 

2533 

2534 

2535 

3.40329 

3.40346 

3.40364 

3.40381 

3.40398 

2576 

2  577 

2578 

2579 

2580 

3.41095 

3-4* 1 1 1 
3.41 128 

3-4**45 
3.41 162 

2621 

2622 

2623 

2624 

2625 

3-4*847 

3.41863 

3.41880 

3.41896 

3.419*3 

2666 

2667 

2668 

2669 

2670 

3.42586 

3.42602 

3.42619 

3.42635 

3.42651 

2536 

2537 

2538 

2539 

2540 

3-4°4*5 

3.40432 

3.40449 

3.40466 

3.40483 

2581 

2582 

2583 

2584 

2585 

3-4**79 

3.4U96 

3.41212 

3-41229 

3.41246 

2626 

2627 

2628 

2629 

2630 

3.41929 

3.4*946 

3-4*963 

3-4*979 

3.4*996 

2671 

2672 

2673 

2674 

2675 

3.42667 

3.42684 

3.4270° 

3.427*6 

3.42732 

2541 

2542 

2543 

2544 

2545 

3.40500 
3.4051 8 

3-4°535 

3.40552 

3.40569 

2586 

2587 

2588 

2589 

2590 

3.41263 

3.41280 

3.41296 

3-413I3 

3-4i33o 

2631 

2632 

2633 

2634 

2635 

3.42012 

3.42029 

3.42045 

3.42062 

3.42078 

2676 

2677 

2678 

2679 

2680 

3  42749 
3.42765 
3.42781 

3*42797 

3.42813 

2546 

2547 

2548 

2549 
2?5° 

3.40586 

3.40603 

3.40620 

3  40637 

3  4o654 

2591 

2592 

2593 

2594 

2595 

3-41 347 

3-4*364 
3.41 380 

3-4*397 

3-4*4*4 

2636 

2637 

2638 

2639 

2640 

3.42095 

3 .4211 1 
3.42127 
3.42144 
3.42160 

2681 

2682 

2683 

2684 

2685 

3.42830 

3.42846 

3.42862 

3.42878 

3.42894 

2551 

2552 

2553 

2554 
25^5 

3.40671 1 
3.40688  j 
3.40705 ! 
3  407221 
3-40739; 

2596 

2597 

2598 

2599 

2600 

3-4*430 

3-4*447 

3.41464 

3.41481 

3-4*497 

2641 

2642 

2643 
i  2644 

2645 

3.42177 

3.42193 

3.42210 

5.42226 

3.42243 

2686 

2687 

2688 

2689 

2690 

3.4291* 

3.42927 

3.42943 

3.42959 

3-42975 

2556 

2557 

2558 

2559 

2560 

3.40756; 

3.40773; 

3.40790 

3.40807 

3.40824 

2601 

2602 

2603 

2604 

2605 

3-4*5  *4 
3.41531 

3-4*547 

3.4*564 

3.41581 

2646 

2647 

2648 

2649 

2650 

3.42259 

3-42275 

3  42292 
3.42309! 

342325I 

2691 

2692 

2693 

2694 

2695 

3.42991 

3.43008 

3.43024 

3.43040 

3.43056 

2561 

2562 

2563 

2564 
2^65 

3  40841 

3.40858; 

3.40875 

3.40892 

3.40909 

2606 

2607 

2608 

2609 

2610 

3  4*597 
3.41614 

3  4*631 
3.4*647 
3  41664 

265 1 

2652 

2653 

2654 
[.2655 

3.42341 

3-42357 

342374 

3  42390 
3.42401 

2696 

2697 

2698 

2699 

2700 

3.43072. 

3.43088 

3-43*04 

3  43*20 

3  43*36! 

II 
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N. 

Logar. 

N. 

Loiar. 

N. 

Logar. 

N. 

Logar. 

2701 

2702 
2702 

2704 

2705 

3-43I52 

3-43i69 

3*43 1  ^  5 
3.43201 

3.43217 

2746 

2747 

2748 

2749 

2750 

3.43870 

3.43886 

3.43902 

3-439I7 

3-43933 

2791 

2792 

2793 

2794 
27  95 

3-44576 

3  44592 
3.44607 

3.44623 

3.44638 

2836 

2837 

2838 

2839 

2840 

3.45271 

3  45286 

3  45301 
3-453I7 
3-45332 

2706 

2707 

2708 

2709 

2710 

3-43233 

3.43249 

3-^3265 

3.43281 

3.43297 

2751 

2752 

2753 

2754 

2755 

3-43949 

3-43965 

3.43981 

3.43996 

3.44012 

2796 

2797 

2798 

2799 

2800 

3.44654 

3.44669 

3.44685 
3.44700 
3-447 1 6 

2841 

2842 

2843 

2844 

2845 

3-45347 

3.45362 

3-45378 

3-45393 

3.45408 

271 1 

2712 

27  3 

2714 

2715 

3*433 *3 
3.43329 

3-43345 

3-4336i 

3-43377 

2756 

2757 

2758 

2759 

2760 

3.44028 

3.44044 

3.44059 

3.44075 

3.44091 

2801 

2802 

2803 

2804 

2805 

34473 1 

3-44747 

3.44762 

3-44778 

3-44793 

2846 

2847 

2848 

2849 

2850 

3.45423 

3*45439 

3-45454 

3.45469 

3.45484 

2716 

2717 

2718 

27  9 
2720 

3-43393 

3.43409 

3-43425 

3-43441 

3-43457 

2761 

2762 

2763 

2764 

2765 

3.44107 
3.44122 
3-44 1 3  S 
3-44I54 
3.44170 

2806 

2807 

2808 

2809 

2810 

3.44809 

3.44824 

3.44840 

3.44855 

3.44871 

285 1 

2852- 

2853 

28;4 

283; 

3-455  00 

3  455*5 
3-4553° 

3-45545 

3.45561 

2721 

2722 

2723 

2724 

2725 

3-43473 

3.43489 

3-435°5 

3  43521 
3-43537 

2766 

2767 

2768 

2769 

2770 

3 .44 1 85 
3.44201 
3.44217 
3.44232 
3.44248 

28 1 1 

2812 

2813 

2814 

2815 

3.44886 

3.44902 

3-449 1 7 
3.44932 

3.44948 

2856 

28,-7 

2858 

2859 

2860 

3.45576 

3-45591 

3.45606 

3.45621 

3-45637 

2726 

2727 

2728 

2729 

2730 

3-43553 

3-43569 

3  43584 
3.43600 

3.43616 

2771 

2772 

2773 

2774 

2775 

3.44264 

3-44279 

3  44295 
3.443 1 1 
3.44326 

2816 

28 1 7 

2818 

2819 

2820 

3.44963 

3-44979 

3-44994 

3.45010 

3.45025 

2861 

2862 

2863 

2864 

2865 

3.45652 

3.45667 

3  45682 

3.45697- 

3-457 12 

2731 

2732 

2733 

2734 

2735 

3-43632 

3-43648 

3.43664 

3.43680 

3.43696 

2776 

2777 

2778 

2779 

2780 

3.44342 

3.44358 

3-44373 

3.44389 

3.44404 

2821 

2822 

2823 

2824 

2825 

3.45040 

3.45056 

3.45071 

3.45086 

3.45102 

2866 

2867 

2868 

2869 

2870 

3.45728 

3-45743 

3-45758 

3-4577" 

3*45788 

2736 

2737 
:2738 

;2739 

•2740 

3.43712 

3-43727 

3-43743 

3-43759 

3-43775 

278 1 

2782 

2783 

2784 

2785 

3.44420 

3.44436 

3.44451 

3-44467 

3  44483 

2826 

2827 

2828 

2829 

2830 

3.45117 

3-45 1 3  3 
3-45H8 
3*45 1 63 
3-4? 1 79 

2871 

2872 

2873 

2874 

2875 

3.45803 

3.45818 

3-4S834 

3-45849 

3.45864 

2741 

2742 

2743 

2744 

2745 

3-43791 

3.43807 

3.43823 

3.43838 

3.43854 

2786 

278; 

2788 

2789 

2790 

3.44498 

3-445  x4 
3.44529 

3-44545  | 
3.44560 

2831 

2832 

2833 

2834 
283; 

3-45 1 94 
3.45209 

3.45225 

3.45240 

3-45255 

2876 

2877 

2878 

2879 

2880 

3.45870 

3.4589.! 

3.45909 

3.4592/ 

3-4593f 

C  c 
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N. 

l2'88l 
[  2882 
|  2883 

2884 

2885 


Logar. 


N. 


345954':  2926 

3.45969;  2927 


3.45984 

3.46000 

3.46015 


2886 

2887 

2889 
I2888 

2890 


2891 

2892 

2893 

1 2894 

12895 


3.46030 

3.46045 

3.46060 

3.46075 

3.46090 


3.46105 

3.46120 

3.46135 

3.46150 


2928 

2929 

2930 


2931 

2932 

2933 

2934 
4935 


2936 

2937 

2938 

2939 


3.46165  2940 


2896 

2897 

1 2898 

1 2899 

:  2900 


Logar. 


3.46627 
3.46642 
3.46657 
3  46672 
3.46687 


N. 


2971 

2972 

2973 

2974 

2975 


3.47290 
3-47305 
47319 
347334 
347349 


3.46702  2976 
3.46716  2977 
3.46731  2978 

346746  2979 
3.46761  2980 


3.46776  2981 
3.46790  2982 
3.46805  2983 
3.46820  298 
3.46835  2985 


Logar. 


347363 

34737s 

347392 

347407 

3.47422 


N. 


3016 

3017 

3018 

3019 

3020 


[3021 

3022 

3023 

1 3024 

13025 


347436  3026 
3.47451  3027 

347465  3028 
3.47480  3029 
34749411 3030 


3.46180  2941  3.46850  2986 
3.46195  2942  3.46864  2987 
3,46210  2943  346879  2988 

3.46225  2944  3.46894  2989 

3.46240  2945  3.46909  2990 


290 1 

2902 

2903 

2904 

2905 


3.47509H3031 
347524  3032 
34753s  3033 
347553  3034 

347567II3035 


3.46255  2946  3.46923II2991 

3.46270  2947  3.46938  2992 

3.46285  2948  3.46953  2993 

3.46300  2949  3.46967  2994 

3.46315  2950  3*46982112995 


3.47582  3036 

347596  3037 
3.4761 1  3038 
3.47625  li  3039 
3.47640 


2906 

1 2907 

12908 

2909 

2910 


3.46330  2951 3.46997 12996 
3.46345  2952 u.47012 12997 
3.46360  2953 u  47026  2998 


I  29  M 
[2912 

[2913 

12914 

12915 

1 29 16 

2917 

2918 

}29I9 

2920 


346374  2954  3  47041 

3.46389  2955  3. 47056I 


■999 

I3000 


3.46404  2956  3.47070 
3.46419  2957  3.47085 
3.46434  2958  3.47100 
3.46449  2959  3.471 15 
3 .46464  2960  347 1 29 


3.46479  2961  3.47144 
3.46494  2962  3.47159 
3.46509  2963  3.47173 
3.46523  1 2964 j 3  47188 
2965  3.47202 


3.46538 


2921 

2922 

2923 

2924 

2925 


346553 

3.46568 

3.46583 

3.46598 

346613 


2966  3.47217 

2967  347232 

2968  3.47246 

2969  347261 
2970I347276 


3001 

3002 

3003 

3°°^ 

3005 


3006 

3007 

3008 

|3°°9 

3010 


Logar. 


347943 

34795s 

347972, 

3.47986' 

3.48001 


348oi5 

3,48029 

3.48044] 

3.48058] 

3.48073 


3.48087 

3.48101 

3.48116 

3.48130 

348144 


i  3040 


3.48159 

34Sl73 

3.48187 

3.48202 

3.48216 

3.48230 

3.48244 

3.48259 

348273 

3.48287 


347654 

3.47669 

347683] 

3.47698 

3.47712I 


3041 

3042 

3043 

3044 

3045 

3046 

3047 


347727 
347741.. 
347756  3°4S 
3.47770H3049 
3.47784 


3050 


347799 

347Sl3 
3.47828 

3.47842 
3--  3-47857 
301  I  U.4787I 

*  r\  y  n  \  ry  J 


3051 

3052 

3053 
305 
3055 


3012 

3013 

3014 

3015 


3.47886 

3.47900 

3  479 1 4 

347929 


3.48302 

3.48316 

3-483301 

3.48344 1 

3-48359 


3.48373 

3.48387 

3.48402 

3.48416 

3.48430 


3.48444 

3-48458 

3.48473 
3  48487 
3.48501 


3056 

3057 

3058 

3059 
,5060 


3-485*5 

3.48530 

3.48544 

3.48558 

3.48572 


;• 

' 


I 
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N. 

3242 


3.5  *068 
3.5  1081 

I3243  3.51095 

3244  3.51108 


•245 


3246 


Logar. 


.51121 


3-5 1 1 35 


1 3247  3 * 5 1 1 4^ 

3248  3.5 1 162 

3249  3.51175 
325°  3.51 188 


2.C  1  202 

3*5 1 21 5 
3.51 228 
3.51242 

3  *  5 1 2  5  5 


3256  3.5 1 268 

13257  3.51282 

13258  3.51295 
3259  3.51308 

1 3 260  3-5*3^ 

3261  3.51335 

3262  3.51348 

3263  3.51362 

3264  3.51375 

1 3^5  3-513%% 

3266  3.51402 


!3267 

1 3268 
3269 
•3270 


3304 

3305 


3-5*4'5 

3- 5*428 

3  •  5 1 44l 
3  5*455 


13276 

13277 

|327^ 

|3279 

3280 


3.51468 

3-5*48* 

3-5*495 

3.51508 

3  •  5 1 5  2 1 


N. 

Logar. 

3286 

3287 

3  288 

3289 

3290 

3  5  *  667 

3.5  1680 
3.51693 
3.5  *  706 
3.51720 

3291 

3292 

3293 

13294 

13295 

3-5*733 

3.51746 

3-5*759 
3  5*772 
3.51786 

*3296 

3297 

13298 

13299 

j33°° 

3-5*799 

3.518*2 

3.51825 

3-5*838 

3.51851 

;33°* 

3302 

3303 

3.51865 
3  5*878 
3  5*89* 

3306 

33°? 

3308 

3  309 

33*o 


3.51904 
3  •  5 1 9 1 7 


3.51930 

3-5*943 

3-5*957 

3.51970 

3-5  *983 

3.5*996 
3 . 5  2°°9 
3.52022 
3.52035 
3.52048 


N. 

Logar. 

333* 

3332 

3333 

3334 

3335 

3-52257 

3.52271 

3.52284 

3.52297 

3.52310 

3336 

3337 

3338 

3339 
334° 

3.52323 

3  52336 
3-52349 
3.52362 

3-52375 

334* 

3342 

3343 

3344 

3345 

3.52388 

3.52401 

3.52414 

3.52427 

3.52440 

3346 

3347 

3348 

3349 
33  5° 

3-52453 

3.52466 

3.52479 

3.52492 

3*52504 

{33  5  * 
133  5 2 
3353 

3.52517 

3.52530 

3.52543 

N. 


3376 

3377 

3378 

3379 

3380 


3*5*534 

3.51548 

3*5*  56 1 
3-5*574 
3-51587 


33*6 

33*7 

33*8 

3319 

3320 


3 .52061 
3.52075 
3.52088 
3.52101 

3  *  5 2 1 1 4 


3281 

32S2 

32831 
[3284 
28c 


3.5 1 60 1 
3.51614 
3.51627 
3-51640 
3-5*654! 


3321 

3322 

3323 

3324 
j  3  3  2  5 

i33?6 

3327 

3328 

3329 
333° 


3-5 21 27 
3.52140 

3.52*53 
3.52166 
3 .  q  2 1 79 


3354  3-5z556 

3355  3-52569 


3356 

3357 
335s 
3359 


3361 

3362 

3363 

3364 

3365 


338* 

3382 

3383 

3384 

3385 


3386 

3387 

3388 

3389 
339° 


Log 


ar. 


3.52840 

3.52853 

3.52866 

3.52879 

3.52892 


3.52905 

3.52917 

3.52930 

3.52943 

3.52956 


339* 
|3  3  9  2 
13393 
3394 
'3395 


3.52582 

3.52595 

3.52608 

3.52621 


3360  3.52634 


3396 

3397 


3.52969 

3.52982 

3-52994 

3.53007 

3.53020 


3*53°33 

3.53046 

3.53058 

3.53071 

3.53084] 


3-53°97 
3*53  * 10 


3399 

3400 


3398  3.53*22 

3-53*33! 
3-53*48 
3.53161 

3-53*73! 
3.53186 


3366 

3367 

3368 

3369 

3370 


3.52*92 
3.52205 
3.52218 

3-5273*  > 
3.52244H3 


3.52647 

3.52660 

3.52673 

3.52686 

3-52699 

3.52711 

3-52724 

3-52737 

3.52750 

3-52763 

3.52776 
3.52789 
3. 5  2802 

3-528*5 

3.32827 


34° 1 

3402 

3403 
34°4  3-53*99| 
3405  3-532*2 

3.53224! 

3*53237] 

3*53250] 

3.53263 
3-5327S 
3 .  r  3  28S ! 

3-533°* 

3-533  *4 

3.53326 

3-53339 

3-53352 
3.53365 
3-53377 
3-5339° 

3^34.03 


— 
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342* 

3422 

3423 

3424 

3425 

3426 

3427 

3429 

3428 
343° 


3431 

3432 

3433 

3434 
343  ^ 


3436 

3437 

3438 

3439 
344° 

I  $  44 1 

3442 

3443 

3444 
3443 


3446 

3447 

3448 

3449 
3  45° 

345 1 
3432 

3453 

3454 
3435 


3456 

3457 

3458 

3459 


3-5  34*5 
3-53428 
3-5344* 

3  53453 
3.53466 


3-53479 
3  *5  3  49 1 
3-535°4 
3-535*7 
3-53529 

3-53542 

3-53555 
3-53567 
3  5358° 
3-53593 


3.53605 
3.536*8 
3  5363 1 

3-53643 

3.53656 


3.53668 

3.53681 

3-53694 

3.53706 

3-537*9 


3-53732 
3-53744 
3-53757 
3  53769 

3-53782 

3-53795 

3.53807 

3  53820 

3-53832 
3  53845 


3-53857 

3-5387° 

3-53883 

3-53895 


3460  3.53908 
346i 13.53920 
346^  3-53933 

3463  3-53945 

3464  3-53958 
3465,3.53970 


3466 

3467 

3468 

3469 

347° 


347* 

3472 

3473 

3474 

3475 


3476 

3477 

3478 

3479 

3480 


3481 

3482 

3483 

3484 

3485 


3486 

3487 

3488 

3489 

349° 


353983 
3-53995 
3  54008 
3  54020 
3-54033 


3-54045 
3  54058 
3  5 4070 
3.54083 

3  54095 


3  54*°8 
3.54120 

3-54*33 

3-54*45 

3.54158 


3.54*70 

3.54183 

3-54*95 

3.54208 

3.54220 


3-54233 
3  54-245 
3.44258 
3.54270 
3.54283 


349*  3  54295 

3492  3-54307 

3493  3  54320 

3494  3  54332 
5495  3-54345 

3496  3-54357 

3497  3-5437° 

3498  3-54382 

3499  3-54394 
35°°  3-544Q7 

35°*  3-544*9 

3502  3-54432 

3503  3-54444 

3504  3  54456 

3505  3-54469 
3306  3  54481 
350/  3-54494 

3308  3  545°6 

3309  3-545*8 
35  *o; 3  5*531 


35*6 

35*7 

35*8 

35*9 

3520 

3521 

3522 

3523 

3524 

3525 


3-54S43 
3-54555 
3  54568 
5  54580 
3  54593 

3  54605 
3.54617 
3.54630 
3.54642 
3-54654 


35563-55096 

3557  3-55*08 

3558  3-55*2i 


3.54667 

3  54679 
3.54691 

3.54704 

3-547*6 
3526  3  54728 


3527 

3528 

3529 

3530 


353  * 

3532 

3533 

3534 

3535 


3536 

3537 

3538 

3539 
354° 

354* 

3542 

3543 

3544 

3545 


3546 

3547 

3548 

3549  3-55°** 
355°  3-53023 


'355  1 
1553 2 
13  553 


3-55035 
3-55047 
3.55060 

3354  3-55072 
13555  3-55084 


3559 

356c 

3561 


3-55*33 
3-55*45 

-  3-55*57 

3562  3  55169 

3563  3-55*82 

3564  3  55194 

3565  3-55206 


3-5474* 

3-54753 

3-54765 

3-54777 

3-5479° 

3.54802 

3.54814 

3.54827 

3-54839 

3.54851 
3.54864 
3  54876 
3  54888 
3 -5490° 

3-549*3 

3.54925 

3-54937 

3.54949 

3.54962 

3-54974 
3  54986 
3.54998 


3566  3.55218 

3567  3-5523o 

3568  3.55242 

35693-55255 

35703-5526  7 


357  * 

3572 

3573 

3574 

3575 


3582 

3583 

3584 

3585 


3.55279 

3.55291 

355303 

3-553*5 

3-553.28 


3576  3-5534° 

3577  3-55352 

3578  3  55364 

3579  3-55376 

3580  3-55388 

358* 


3.55400 
'3-554*3 
3  55425 
3-55437 
3-55449 


3586  3-5546i 

3587  3-55473 
3588:3.55485 

3589  3-55497 

3590  3.55509 


359*  3-55522 
359s  3  55534 
3593i3  55546 
359.43-55558 
3595  3-5557Q 
3.596  3-55582 
3597  3-55594 
3598,3  55606 

3599  3-556*8 

3600  3.55630- 


Cc 


m\ 

•:.Kl 
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^  M 


rA  Table  of  Logarithms'. 


AT. 

Logar. 

N. 

Logar. 

AT. 

Logar. 

3601 

3602 

3603 

3604 
36°5 

3-5  S642 

3'55654 

3.55666 

3.55678 

3-5569‘ 

3646 

3647 

3648 

3649 

3650 

3.56182 

3.56194 

3.56205 

3.56217 

3.56229 

3691 

3692 

3693 

3694 

3695 

3-567I4 

3.56726 

3.56738 

3.5675° 

3.56761 

3606 

5607 

3608 

3609 

3610 

3-55  7°3 
3-557*5 
3-55727 
3-55739 
3-5575  * 

3651 

3632 

3653 

3654 

3655 

3.56241 

3.56253 

3.56265 

3.56277 

3.56289 

3606 

3697 

3698 

3699 

3700 

3-56773 

3.56785 

3-56797 

3.56808 

3.56820 

36l  I 
3612 

3613 

3614 

3615 

3-55763 

3-55775 

3-55787 

3-55799 

3.55811 

3656 

3657 

3658 

3659 

3660 

3.56301 

3-563I3 

3*56324 

3.56336 

3.56348 

3701 

3702 

3703 

3704 

3705 

3.56832 

3.56844 

3.56855 

3.56867 

3  56879 

3616 

3617 

3618 

3619 

3620 

3.55823 

3-55835 

3-55847 

3-55859 

3.55874 

3661 

3662 

3663 

3664 

3665 

3.56360 

3.56372 

3.56384 

3.56396 

3.56407 

3706 

3707 

3708 

3709 

37*o 

3.56891 

3.56902 

3.56914 

3.56926 

3-56937 

3621 

3622 

3623 

3624 

3625 

3.55882 

3-55895 

3-559°7 

3-559*9 

3-5593* 

3666 

3667 

3668 

3669 

3670 

3.56419 

35643* 

3  56443 

3-56455 

3.56467 

37** 

37*2 

37*3 

37*4 

37*5 

3.56949 

3.56961 

3.56972 

3.56984 

3.56996 

3626 

3627 

3628 

3629 

3630 

3-55943 

3-55955 

3.55967 

3-55979 

3-5599* 

3671 

3672 

3673 

3674 

3675 

3.56478 

3.56490 

3.56502 

3-565 1 4 

3.56526 

3716 

37*7 

37*8 

37*9 

3720 

3.57008 

3.57019 

3.57031 

3-57043 

3-57054 

3631 

3632 

3633 

3634 

3635 

3.56003 

3.56015 

3.56026 

3.56038 

3.56050 

3676 

3677 

3678 

3679 

3680 

3.56538 

3.56549 

3.56561 

3-56573 

3-56585 

3721 

3722 

3723 

3724 

3725 

3.57066 

3.57078 

3.57089 

3-57*0* 
3-57*  *3 

3636 

3637 

3638 

3639 

3640 

3^56062 

3.56074 

3.56086 

3.56098 

3.56110 

3681 

3682 

3683 

3684 

3685 

3-56597 

3.56608 

3.56620 

3.56632 

3.56644 

3726 

3727 

3728 

3729 
373° 

3.57124 

3-57*36 

3.57148 

3-57*59 

3-57*7i 

3641 

3642 

3643 

3644 
364.5 

3.56122 

3.56134 

3.56146 

3.56158 

3.56170 

3686 

3687 

3688 

3689 

3690 

3.56656 

3.56667 

3.56679 

3.56691 

3.56703 

373* 

3732 

3733 

3734 

3735 

3-57*83 

3-57*94 

3.57206 

3-572I7 

3.57229 

N. 


3736 

3737 

3738 

3739 

3740 


j  L°g 


ar. 


3741 

3742 

3743 

3744 

3745 


3746 

3747 

3748 

3749 
375° 


375 1 
375  2 

3753 

3754 

3755 

3756 

3757 

3758 

3759 

3760 


3-5724* 

3.57252 

3.57264 

3.57276 

3.57287 


3-57299 
3-573 10 

3-57322 

3-57334 

3-57345 


3-57357 

3-57368 

3.57380 

3.57392 

3-574°3 


3 -5  741 5 
3.57426 

3-57438 

3-57449 

3.57461 


3761 

3762 

3763 

3764 

3765 


3766 

3767 

3768 

3769 

377° 


377 1 
|3772 
1 3773 
1 3  774 
3775 


3776 

3777 

3778 

3779 


3-57473 

3-57484 
3-57496 
3-575°7 
3-575  *9 


3-5753° 

3-57542 

3-57553 

3-57565 

3-57577 


3.57588 

3.57600 

3.57611 

3-57623 

3-57634 


3.57646 

3-57657 

3.57669 

3.57680 

3.57692 


3-577°3 

3-577*5 
3  57726 

3-57738 


3780)3.5  77  4  C 
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3  87 


JV. 

Logar . 

N. 

Logar. 

3781 

3782 

3783 

3784 

3785 

3.57761 

3-57772 

3.57784 

3-57795 

3.57807 

3826 

3827 

3828 

3829 

3830 

3.58275 

3.58286 

3  58297 
3.58309 
3.58320 

3786 

3787 

3788 

3789 

3790 

3.57818 

3-5783o 

3.57841 

3.57852 

3.57864 

3831 

3832 

3833 

3834 

3835 

3-58331 

3-58343 

3-58354 

3-58365 

3-58377 

3  79 1 

3792 

3793 

3794 

3795 

3-57875 

3.57887 

3.57898 

3  •  5  79 1 0 
3.57921 

3836 

3S37 

3  83  8 

3839 

3840 

3.58388 

3-58399 
3.5841 1 

3.58422 

3-58433 

3796 

3797 

3798 

3799 

3800 

3-57933 

3-57944 

3-57956 

3.57967 

3-57978 

3841 

3842 

3843 

3844 

3845 

3.58444 

3.58456 

3.58467 

3.58478 

3.5849O 

3801 

3802 

3803 

3804 

3805 

3-5799° 

3.58001 

3.58013 

3.58024 

3-58035 

3846 

3847 

3848 

3849 

3850 

3.585OI 

3.585I2 

3  58524 

3-58535 

3.58546 

3806 

3807 

3808 

3809 

3810 

3.58047 

3.58058 

3.58070 

3  58081 
3.58093 

3851 

3852 

3853 

3854 

3855 

3-58537 

3.58569 

3.58580 

3-5859‘ 

3.58602 

3811 

381 2 

3813 

3814 

3815 

3 .5  8 1  <04 

3 -5  8 1 1 5 
3.58127 
3.58138 
3.58149 

3856 

3857 

3858 

3859 

3860 

3.58614 

3.58625 

3.58636 

3.58647 

3.58659 

3816 

3817 

3818 

3819 

3820 

3.58161 

3.58172 

3.58184 

3.5819; 

3.58206 

3861 

3862 

3863 

3864 

3865 

3 .5867O 
3.5868  I 
3.58692 
3.587O4 
3.58715 

3821 

3822 

3823 

3824 

3825 

3.582 1 8 

3  58229 
3.58240 
3.58252 
3.58263 

3866 

3867 

3868 

3869 

3870 

3.58726 

3-58737 

3-58749 

3 .58760 
3.58771 

N. 

PTi 

3872 

3873 

3874 

3875 


3876 

3877 

3878 

3879 

3880 


3881 

3882 

3883 

3884 

3885 


3886 

3887 

3888 

3889 

3890 


3891 

3892 

3893 

3894 

3895 


38Q6 

3897 

3898 

3899 

3900 


39°i 

3902 

39°3 

3904 

39°5 


Logar. 

3.58782 
3.58796 
3.58805 
3.58816 
3  58827 


3.58838 

3.58850 

3.58861 

3.58872 

3*8883 


3.58894 

3.58906 

3.58917 

3.58928 

3-58939 


3.58950 

3.58961 

3-58973 

3.58984 

3*8995 

3.59006 

3*59° 1 7 
3.59028 

3.59040 
3-59°5 1 


3.59062 

3-59°73 

3.59084 

3-59°95 

3.59006 


3906 

39°7 

3908 


3  59IlS 
3-59I29 
3 -5  9  *4° 
3  •  59 1 5 1 
3-59l62 

3  •  5  9 1 7  3 
3  *59 1 84 
3 -59 1 95 


39io,  3-592 1 8 
39II’3  59229 

391 2 

39 1 3 

39 1 4 

39 1 5 


3.59240 

3-5925  1 
3. 59262 

3-59273 


iV.  |  Logar . 


3916  3.59284 

39 1 7  3-59295 

3918  3-59306 

39 1 9  3  593i8 

3920  3-59329 


3921 

3922 

3923 

3924 

3925 


3926 

3927 

3928 

3929 

3930 

3931 

3932 

3933 

3934 

3935 


3936 

3937 

3938 

3939 

3940 


3941 

3942 

3943 

3944 

3945 


3-59340 

3-5935 1 
3.59362 

3-59373 

3-59384 


3-59395 
3  59406 
3  59417 
3.59428 

3-59439 


3-5945° 

3.59461 

3-59472 

359483 

3-59494 


3946 

3947 

3948 

3949 

3950 


3.59506 

3-595 1 7 
3.59528 

3-59539 

3-5955° 

3-5956i 

3-59572 

3-59583 

3-59594 

3-59605 

3.59616 

3.59627 

3.59638 

3.59649 

3.59660 


395 1  3-5967I 

3952  3.59682 

3953  3-59693 

3954  3-59704 
395513-59 7*5 


3956  3.59726 


3957 

3958 

3959 

3960 


3-59737 

3-59748 

3-59759. 

3  59770 


Cc  4 


, 


1- 


3B8 
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N. 


3961 

3062 

3963 

3964 

3965 


Logar. 


3066 

3967 

3968 

3969 

3970 


397 1 

3972 

3973 

3974 

3975 


3  597So 

3-597  9 1 

3.39802 

3-59^i3 

3.59824 


39  76 

3977 

3978 

3979 


398°  359988 


98 1 

3982 

3983 

3984 

3985 


3986 

3987 


3-5983? 

3.59846 

359857 

3.59868 

3  59g79 

3.59890 

3.59901 

3 -599 1 2 

3.59923! 

3  599345 


3-599451 

3*599561 

3.59966 

3-59977 


3  *59999 

3.60010 

3.60021 

3.60032 

3.60043 


3.60054 
3  60065 


3988  3.60076 


3989 

399° 


399 1 

3992 

3993 

3994 

3995 


3996 

3997 

3998 

3999 

4000 


3  60086 
3,60097 


3  60108 
3.601 19 
3.60130 
3.60141 
3.60152 


3.60163 
3  60173 
3.60184 
3.60195 
3.60206 


N 


4001 

4002 

4003 

4004 

4005 


3.60217 

3.60228 

3.60239 

3.60249 

3.60260 


4006 

4°°7 

4008 

4009 

4010 


3.60271 
3.60282 
60293 
3.60304 
3.603  I  4 


4011 

4012 

4013 

4014 
40M 


3.60325 

3.60336 

3-60347 

3.60358 

3  60369 


4016 

4017 

4018 

4019  3 

4020 


3.60379 
3.60390 
3.60401 
.6041 2 
3.60423 


4021 

4022  1 

4023 

4024 

4025 


4026 

4027 

4028 

4029 

4030  3 


4031 

4032 

4033 

4034 

4035 


4036 

4°37 

4038 

4039 

4040 


4041 

4042 

4°43 

4044. 

4045 


Logar. 


405  [ 

4052 

4053 

4054 

4055 

4056 

4057 
+058 

4059 

4060 


3-60433 

.60444 

3.60455 

3.60466 

3.60477 


3.60487 
3.60498 
3.60509 
3.60520 
60531 


3.60541 
3.60552 
60563 
3.60574 
3.60584 


N. 


3.60756 
3.60767 
.60778 
3.60788 
60799 


3.60810 
3.6082 1 
3  60831 
3  60842 
3.60853 


4061 

4062 

4063 

4064 

4065 


3.60863 

3.60874 

3.60885 

3.60895 

3.60906 


3.60595 

3.60606 

3.60617 

3.60627 

3.60638 


4066 

4067 

4068 

4069 

4070 


3.60917 
3.60927 
3.60938 
3  60949 
3.60959 


4071 

4072 

4073 

4074 

4075 


4076 

4077 

4078 

4079 

4080 


3.60649 
3  60660 
3  60670 
3.60681 
3.60692 


4081 

4082 

4083 

4084 

4085 


4046  3.60703 

4047  3-60713 

4048  3.60724 

4049  3.60735 
4050!  3.60746 


4087 

4088 

4089 

4090 


Logar. 


3  60970 
3.6098 1 
3.60991 
3.61002 
3.61013 


3.61023 
3  61034 
3.61045 
3  61655 
3.61066 


3.61077 
3.61087 
3.61098 
3.61 109 
3 61119 


4086  3.61130 


N. 


4096 

4097 

4098 

4099 
4:00 


3.61236 
3.61247 
3.61 257 
.61 268 
3.61 278 


4101 

4102 

4103 

4104 

4t°5 


3.61289 

3.61300 

3.61310 

3.61321 

3.61331 


4106 

4107 

4108 

4IC9 

41 10 


3.61342 

3.61352 

3.61363 

3-6i374 

3.61384 


41 1 1 

41 12 

4113 

4114 

41 1 5 


3.61140 
3  61151 
3.61 162 
3.61172 


41 16 

4117 

4118 

41  *9 

4120 


4091  3.61183 

4092  3.61194 

4093  3  61204 

4094  3.61215 

4095  I3.61225 


4121 

41 22 

4123 

4124 

4125 


4126 

4127 

4128 

4129 

4130 


4*3* 

4132 

4i  33 
4*34 

413^ 


Logar. 


3.61395 
3.61405 
3  61416 
3.61426 
3.61437 


3.61448 

361458 

3.61469 

3.61479 

3.61490 


3.61 500 
3.61511 
3.61521 
3.61532 
3.61542 


3-6I553 

3.61563 

3.61574 

3.6158 

3  6i595 


3.61606 

3.6l6l6 

3.61627 
3.61637 
3  61648 


4136 

4*37 

4138 

4*39 


3.61658 
3.61669 
3.61679 
3  61690 


4140  3.61700 
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N. 

Logar. 

4231 

3.62644  1 

4232 

3.62655  4 

4233 

3.62665  4 

4234 

3.62675  ^ 

4235 

3.62685  a 

4236 

3.62696  a 

4237 

3  62706  < 

4238 

3.62716 

4239 

$  62726  t 

4240 

3.62737  A 

4241 

3.62747  < 

4242 

3.62757  ^ 

4243 

3.62767  * 

4244 

3.62778  < 

4245 

3.62788  A 

4246 

3.62798  < 

4247 

3.62808  A 

4248 

3.62S18  A 

4249 

3  62829  1 

4250 

3.62839  A 

4251 

3.62849  A 

4252 

3.62859  < 

4253 

3.6287O  l 

4254 

3.62880 

42;; 

3.6289O 

4256  3.62900 

4257 

3.629IO 

4258 

3.62921 

4259 

3.6293  1 

4260  3  62941 

4261 

3.6295I 

4262 

3.62961 

4263 

3.62972 

4264 

3.62982 

4265 

3.62992 

4266 

3.63OO2 

1  4267 

3.63OI  2 

4268 

3.63022 

i  4269 

3.63033 

5  427° 

3  63043 

5  427* 

3-63053 

5  4272 

3  63063 

f  4273 

3.63073 

4  4274 

3  63083 

41 4275 

3.630Q4 

N. 


4*4* 

442 

4*43 

4144 

4*45 


4146 

4147 

4148 

4*49 

4 1 5° 


4151 

4152 

4M3 

41 54 

4155 


Logar.  ! 

3-6i  7 1  i; 
3.61721 ; 
3.61731; 
3.61742 
3  6*752 
3  61763; 

3  61773! 

3.61784] 
3  61794! 
3  61805 

3.61 81 5 
3.6: 826 
3.61 836 
2.61 847 
3.61857 


4156  3.61868 

4157  3-61878 

4158  3.61888 
3  6i 899 
3.61909 


4159 

4160 


4161 

4162 

4163 

4164 

4165 

4166 

4167 

4168 

4169 
4*7° 


4171 

4172 

4173 

4174 

4175 


4176 

4*77 

4*78 

4179 

4180 


N. 


Logar. 


41  86  3.621 80 
4187  [3.62190 
41  88  13.62201 


3.61920 
3.61030 
3.61941 
3.61951 
3.61 962 


3.61972 
3.61982. 
3.61993 
3.62003 
3  62014 


4*89 

4*90 

4 1 9 1 

4192 

4*93 
4 1 94 
4*9$ 
4196 
4*97 

4*98 

4199 

4200 


3.62024 

3.62034 

3.62045 

3.62055 

3.62066 


3.62076 
3.62086 
3  62097 
3.62107 
3  62118 


4181  3.62128 

4182  3.62138 

4183  3-62149 

41 84  3  62159 

4185  3.62170 


4201 

4202 

4203 

4204 

4205 


4206 

4207 

4208 

4209 

4210 


421 1 

4212 

4213 

4214 

4215 


3.6221 1 
3  62221 


3.62232 
3 .62242 
3.62252 
3.62263 
3.62273 


3.62284 
3.62294 
3.62304 
3.62315 
3  62325 


3.62335 

3.62346 

3.62356 

3.62366 

3.62377 


3.62387 

3.62397 


4216 

4217 

4218 

4219 

4220 


4221 

4222 

4223 

4224 

4225 


4226 

4227 

4228 

4229 

4230 


3  62521 


N. 

Logar. 

4276 

42  77 

4278 

4279 

4280 

3.63  104 
3  63114 
3.63124 
3  63134 

3-63*44 

4281 

4282 

4283 

4284 

4285 

3.63155 

3.63165 

3.63175 

3.63185 

3.63195 

4286 

4287 

4288 

4289 

4290 

3.63205 
3.6321  c 
3.63225 
3.63236 
3.63246 

4291 

4292 

4293 

4294 

4295 

3.63256 
3  63266 
3.63276 
3  63286 
3.63296 

4296 

4297 

4298 

4299 

4300 

3.63306 

3.63317 

3.63327 

3-63337 

3-63347 

4301 

4302 

43°3 

4304 

4305 

3-63357 

363367 

363377 

3.63387 

3-63397 

4306 

4307 

4308 

4309 

43*o 

3.63407 

3.63417 

3.63428 

3  63438 
3.63448 

43** 

43*2 

43*3 

43*4 

43*5 

3.63458 
3.63468 
3  63478 
3.63488 
3.63498 

43*6 

43*7 

4318 

43*9 

4320 

3.63508 

3-63518 

3.63528 

3.65538 

3  65548 
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N. 

Logar. 

N. 

Logar. 

N. 

Logar . 

N. 

Logar. 

4321 

4322 

4323 

4324 

4325 

3.63558 

3.63568 

3-63579 

3.63589 

3-63599 

4366 

4367 

4368 

4369 

437° 

3.64008 

3.64018 

3.64028 

3.64038 

3.64048 

44** 

44*2 

44*3 

44*4 

44*5 

3.64454 

3.64464 

3.64473 

3.64483 

3.64493 

445  6 

4457 

4458 

4459 

4460 

3.64895 

3.64904 

3.64914 

3.64924 

3-64933 

4326 

4327 

4328 

4329 
433° 

3.63609 

3.63619 

3.63629 

3.63639 

3.63649 

437* 

4372 

4373 

4374 

4375 

3.64058 

3.64068 

3.64078 

3.64088 

3.64098 

4416 

44*7 

4418 

44*9 

4420 

3.64503 

3.645*3 

3.64523 

3-64532 

3.64542 

4461 

4462 

4463 

4464 

4465 

3.64943 

3-64953 

3.64963 

3.64972 

3.64982 

433 1 

4332 

4333 

4334 

4335 

3.63659 

3.63669 

3.63679 

3.63689 

3.63699 

4376 

4377 

4378 

4379 

4380 

3.64108 
3.641 1  8 
3.64128 

3-64*37 

3.64147 

4421 

4422 

4423 

4424 

4425 

3.64552 

3.64562 

3.64572 

3.64582 

3.6459* 

4466 

4467 

4468 

4469 

4470 

3 64992 

3 .65002 
3.65011 
3.65021 
3.65031 

4336 

4337 

4338 

4339 

4340 

3.63709 

3.63719 

3.63729 

3  63739 
3-63749 

4381 

4382 

4383 

4384 

4385 

3.64157 

3.64167 

3.64177 

3.64187 

3.64197 

4426 

4427 

4428 

4429 
443° 

3.64601 
3.6461 1 
3.64621 
3.64631 
3.64640 

447* 

4472 

4473 

4474 

4475 

3.65040 

3.65050 

3.65060 

3.65070 

3.65079 

4341 

4342 
H-343 

4344 

4345 

3-63759 

3.63769 

3.63779 

3.63789 

3.63799 

4386 

4387 

4388 

4389 
439° 

3.64207 

3.64217 

3.64227 

3.64237 

3.64246 

443* 

4432 

4433 

4434 

4435 

3.64650 

3.64690 

3.64670 

3.64680 

3  64689 

4476 

4477 

4478 

4479 

4480 

3.65089 
3.65099 
3.65 108 
3.65  1 1 8 
3-65 128 

4346 

4347 

4348 

4349 
43  5° 

3.63809 

3.63819 

3.63829 

3  63839 
3.63849 

439* 

4392 

4393 

4394 

4395 

3.64256 

3.64266 

3.64276 

3.64286 

3.64296 

4436 

4437 

4438 

4439 

4440 

3.64699 

3.64709 

3.64719 

3.64729 

3.64738 

4481 

4482 

4483 

4484 

4485 

3.65137 

3-65*47 

3  65157 

3  65167 
3.65 1 76 

43  5 1 

4352 

4353 
43  54 
4355 

3-63859 

3.63869 

3.63879 

3  63889 
3.63899 

4396 

4397 

4398 

4399 

4400 

3.64306 

3.64316 

3.64326 

3-64335 

3-64345 

444* 

4442 

4443 

4444 

4445 

3.64748 

3.64758 

3.64768 

5-64777 

3.64787 

3-64797 

3.64807 

3  64816 
3.64826 

3 64836 

4486 

4487 
44^8 

4489 

4490 

449 1 

4492 

4493 

4494 

4495 

3.65186 

3.65196 

3.65205 

3  65215 
3.65225 

4356 

4357 
43  5  8 

4359 

4360 

3.63909 

3.63919 

3.63929 

3  63939 
3.63949 

4401 

4402 

4403 

44°4 

4405 

3-64355 

3.64365 

3-64375 

3.64385 

3-64395 

4446 

4447 

4448 

4449 

4450 

365234 

3.65244 

3.65254 

3.65263 

3.65273 

4361 

4362 

4363 

4364 
4.365 

3-63959 

3.63969 

3.63979 

3.63988 

3  63998 

4406 

4407 

4408 

4409 
4-410 

3.64404 

3.64414 

3  64424 
3.64434 

3  64444 

445 ! 
4452 

4493 

4454 

4.4.5c 

3.64846 

3.64856 

3  64865 

3  64875 

3.64885 

4496 

4497 

4498 

4499 

4500 

3.65283 

3.65292 

3.6,-302 

3  6531 2 

3  6532' 
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N. 

Logar . 

N. 

Logar . 

N. 

Logar. 

N. 

Logar.  1 

4501 

4502 

45°3 

45°4 

45°5 

3.65331 

3-65341 

3.65350 

3.65360 

3.65369 

4546 

4547 

4548 

4549 
455° 

3-65763 

3-65773 

3.65782 

3.65792 

3.65801 

4591 

4592 

4593 

4594 

4595 

3.66191 

3.66200 

3.66210 

3.66219 

3.66229 

4636 

4637 

4638 

4639 

4640 

3.66614 

3.66624 

3.66633 

3.66642 

3.66652 

4S°6 
4  S°7 
4508 

45°9 

45^0 

3*65379 

3.65389 

3.65398 

3-65408 

3.65418 

455 1 

4552 

4553 

4554 
45,55 

3.6581 1 
3.65820 
3.65830 
3.65839 
3.65849 

4596 

4597 

4598 

4599 

4600 

3.66238 

3.66247 

3.66257 

3.66266 

3.66276 

4641 

4642 

4643 

4644 
464; 

3.66661 

3.66671 

3.66680 

3.66689 

3.66699 

45 1 1 

45 12 

45 1 3 

45 1 4 
45*5 

3.65427 

3-65437 

3.65447 

3.65456 

3.65466 

4556 

4557 
45  5  8 

4559 

4560 

3.65858 

3.65868 

3-65877 

3.65887 

3.65896 

4601 

4602 

4603 

4604 
460; 

3.66285 

3.66295 

3.66304 

3.66314 

3.66323 

4646 

4647 

4648 

4649 

4650 

3.66708 

3.66717 

3.66727 

3.66736 

3.66745 

4516 

45 1 7 

45 18 

45 1 9 
45  20 

3.65475 

3.65485 

3-65495 

3.65504 

3.65514 

4561 

4562 

4563 

4564 

4565 

3.65906 

3.65016 

3.65925 

3.65935 

3.65944 

4606 

4607 

4608 

4609 

4610 

3.66332 

3.66342 

3.66351 

3.66361 

3  66370 

46;i 

4652 

4653 

4654 

4655 

3.66755 

3.66764 

3.66773 

3.66783 

3.66792 

45  21 

4522 

4523 
45  24 
45  25 

3.65523 

3-65533 

3'65543 

3.65552 

3  65562 

4566 

4567 

4568 

4569 

4570 

3-65954 

3.65963 

3  65973 

3.65982 

3  65992 

461 1 

4612 

4613 

4614 

4615 

3.66380 

3.66389 

3.66398 

3.66408 

3.66417 

4656 

4657 

4658 

4659 

4660 

3.66801 

3  6681 r 
3.66820 
3.66829 
3.66839 

4526 

4527 

4528 

4529 

4530 

3.65571 
3*65  5  8 1 
3.65591 

3 .65600 
3.65610 

4571 

4572 

4573 

4574 

4575 

3.66001 
3.6601 1 
3.66020 
3.66030 
3.66039 

4616 

4617 

4618 

4619 

4620 

3.66427 

3.66436 

3.66445 

3.66455 

3.66464 

4661 

4662 

4663 

4664 

4665 

3.66848' 

3.66857 

3.66867 

3.66876 

3.66885 

453 1 

4532 

4533 

4534 

4535 

3.65619 

3.65629 

3.65639 

3.65648 

3.65658 

4576 

4577 

4578 

4579 
458° 

3  66049 
3.66058 
3.66068 

3  66077 
3.66087 

4621 

4622 

4623 

4624 

4625 

3.66474 
3.66483 
3.66492 
3.66502 
3.665 1 1 

4666 

4667 

4668 

4669 

4670 

3.66894 

3.66904 

3.66913 

3.66922 

3.66932 

4536 

4537 

4538 

4539 

4540 

3.65667 

3.65677 

3.65686 

3.65696 

3.65706 

458* 

4582 

4583 

4584 
45  8  5 

3.66096 

3.66106 

3.66115 

3  66124 
3.66134 

4626 

4627 

4628 

4629 

4630 

3.66521 

3.66530 

3.66539 

3.66549 

3.66558 

4671 

4672 

4673 

4674 

4675 

3.66941 

3  66950 
3.66960 

3  66969 

3  66978 

45  4 1 

4542 

4543 

4544 

4545 

3  *6  5  7 1 5 
3.65725 

3-65734 

3-65744 

3-65753 

4586 

4587 

4588 

4589 

4590 

3.66143 

3  66153 
3.66162 
3.66172 
3.66181 

4631 

4632 

4633 

4634 
1-635 

3.66567 

3.66577 

3.66586 

3.66596 

3.66605 

4676 

4677 

4678 

4679 

4680 

3.66987 

3.66997 

3.76006 

3 .760 1 5 
3.76025 

M 


A  Table  of  Logarithm*, 


N. 

Logar. 

TV. 

Logar. 

AT. 

Logar. 

N. 

1  Logar. 

4681 

3.67034 

4726 

3.67449 

477* 

3.67861 

4816 

13.68269 

4682 

3.67043 

4727 

3.67459 

4772 

3.67870 

4817 

3.68278 

1683 

3.67052 

4728 

3.67468 

4773 

3  67879 

4818 

3  68287 

4684 

3.67062 

4729 

367477 

4774 

3.67888 

4819 

3.68296 

4685 

3.67071 

4730 

3.67486 

4775 

3.67897 

4820 

3.68305 

4686 

3  67080 

473 1 

3-67495 

4776 

3.67906 

4821 

3.68314 

4687 

3.67090 

4732 

3  67504 

4777 

3.67916 

4822 

3.68323 

4.688 

3.67099 

4733 

3.67514 

4778 

3.67925 

4823 

3.68332 

4689 

3  67108 

4734 

3-67523 

4779 

3.67934 

4824 

3  68341 

+690 

3.67117 

4735 

3  67532 

4780 

3-67943 

4825 

3.68350 

4691 

3.67127 

4736 

3.67541 

4781 

3.67952 

4826 

3.68359 

4692 

3  67136 

4737 

3.67550 

4782 

3.67961 

4827 

3.68368 

4693 

3-67i45 

473s 

3.67560 

4783 

3.67970 

4828 

3-68377 

4694 

367154 

4739 

3.67569 

4784 

3  67979 

4829 

3.68386 

4695 

3.67164 

4740 

3.67578 

4785 

3.67988 

4830 

3.68395 

4696 

3.67173 

474* 

3.67587 

4786 

3  67997 

4831 

3„.6  84.04 

4697 

3  67182 

4742 

3.67596 

4787 

3.68006 

4832 

3.68413 

4698 

3.67191 

4743 

3.67605 

4788 

3  68015 

4833 

3.68422 

4699 

3.67201 

4744 

3.67614 

4789 

3.68024 

4834 

3.68431 

4700 

3.67210 

4745 

3.67624 

4790 

3  68034 

4835 

3.68440 

47°* 

3.67219 

4746 

3-67633 

479* 

3.68043 

4836 

3.68449 

47°2 

3.67228 

4747 

3.67642 

4792 

3.68052 

4837 

3  68458 

4703 

3  67238 

4748 

3.67651 

4793 

3.68061 

4838 

3.68467 

4704 

3.67247 

4749 

3.67660 

4794 

3.68070 

4839 

3.68476 

4705 

3  67256 

4750 

3  67669 

4795 

3.68079 

484O 

3.68485 

4706 

3.67265 

475 1 

3.67679 

4796 

3.68088 

484I 

3.68494 

4707 

3.67274 

475  2 

3.67688 

4797 

3.68097 

4842 

3.68502 

4708 

3.67284 

4753 

3.67697 

4798 

3.68106 

4843 

3.685 1 1 

4709 

3-67293 

4754 

3.67706 

4799 

3.681 15 

4844 

3  68520 

4710 

3.67302 

4755 

3  67715 

4800 

3.681 24 

4845 

3.68529 

471 1 

3.67311 

4756 

3.67724 

4801 

3.68133 

4846 

3.68538 

471 2 

3.67321 

4757 

3-67733 

4802 

3.68142 

4847 

3  68547 

4713 

3-67330 

475  s 

3.67742 

4803 

3.68151 

4848 

3.68556 

47H 

3-67339 

4759 

3.67752 

4804 

3.68160 

4849 

3  68565 

47*5 

3.67348 

4760 

3.67761 

4805 

3.68169 

485° 

3.68574 

47*6 

3  67357 

4761 

3.67770 

4806 

3.681 78 

485  i 

3.68583 

47i7 

3.67367 

4762 

3-67779 

4807 

3.68187 

4852 

3.68592 

47 1 8 

3.67376 

4763 

3.67788 

4808 

3.68196 

4853 

3.68601 

4719 

3  67385 

4764 

3  67797 

4809 

3.68205 

4854 

3  68610 

4720 

3-67394 

4765 

3.67806 

4810 

3.6821 5 

4g55 

3  68619 

4721 

3-674°3 

4766 

3.67815 

481 1 

3.68224 

48;6 

3.68628 

4722 

36741 3 

4767 

3.67825 

4812 

3.68233 

4857 

3.68637 

4723 

3  67422 

4768 

3.67834 

4813 

3.68242 

4858 

3 .68646 

4724 

3  6743' 

4769 

3.67843 

4814 

3 68231 

4859 

3.68655 

4725 

3.67440 

4770 

3.67852 

4815 

3.68260 

4860 

3  68664 

A  Table  of  Logarithms . 


N. 

Logar.  1 

N. 

Looar .  I 

0  1 

N. 

Logar. 

N. 

Logar. 

^  .86 1 

4862 

4863 
^.864 
4865 

3.O8673 
3.6868 1 
3.68690 
3.68699 
3.68708 

4906 

49°7 

4908 

49°9 
49 10 

3.69073 

3.69082 

3  69090 
3.69096 
3.691  08 

495 1 
495  2 

4953 

4954 

4955 

3.69469 

3.69478 

3.69487 

3.69496 

3.69504 

4996 

4997 

4998 

4999 

5000 

3.69862 

3  69871 
3.69880 
3.69888 
3.69897 

^.866 

4867 

4868 

4869 

4870 

3.68717 

3.68726 

3  68735 
3.68744 

3  68753 

49 1 1 

49 12 

49 1 3 

49 1 4 
4-9 1 5 

3.69117 
3.691  26 

3-69I35 

3.69144 

3  69152 

4956 

4957 

4958 

4959 

4960 

3.63513 

3.69522 

3.69531 

3-63539 

3.69548 

5001 

5002 

5003 

5°°4 

5005 

3.69906 
3.69914 
3.69923 
3  69932 
3.69940 

487 1 

4872 

4873 

4874 

4875 

3.68762 

3  68771 
3.68780 
3.68789 
3.68797 

49 1 6 

49 1 7 

4918 

4919 

4920 

3.69 161 
3.69170 
3.69179 
3.69188 

3  69197 

4961 

4962 

4963 

4964 

4965 

3-69557 

3  60566 
3.69574 
3.69583 
3.69592 

5006 

5007 

5008 

5°°9 

5010 

3.69949 

3.69958 

3.6gq66 

3-69975 

3.69984 

4876 

4877 

4878 

4879 

4880 

3.68806 

3.68815 

3.68824 

3.68833 

3.68842 

492 1 

4922 

4923 

4924 

4925 

3.69205 

3.69214 

3  69223 
3.69232 
3.69241 

4966 

4967 

4968 

4969 

4970 

3  69601 
3.69609 
3.69618 
3.69627 
3.60636 

501 1 

5012 

5°*3 

5014 

5015 

3.69992 

370001 

3.70010 

3.70018 

3.70027 

48S 1 

4882 

4883. 

4884 

4884 

3.6885 1 

3  68860 

3  68869 
3.68878 
3.68886 

4926 

4927 

4928 

4929 

4930 

3.69249 

3  69258 

3  69267 

3  69276 
3.69285 

497 1 

4972 

4973 

4974 

4975 

3  69644 
3.69653 
369662 
3.69671 

3  69679 

|  5°i6 

5017 

5018 

5019 

5020 

3.70036 

3.70044 

3.70053 

3.70062 

3.70070 

4886 

4887 

4888 

4889 

4890 

3  68895 
3.68904 
3.68913 
3.68922 
3.68931 

493i 
493  2 

4933 

4934 
4933 

3.69294 
3  69302 
3.6931 1 
3.69320 
3  69329 

4976 

4977 

4978 

4979 

4980 

3.69688 

3.69697 

3  69705 
3.69714 
3.69723 

5021 

5022 

5023 

5°24 

5025 

3.70079 
3.70088 
3.70096 
3  70105 
3.70114 

4891 

4892 

4893 

4894 

4895 

3.68940 
3.68949 
3.68958 
3.68966 
3  68974 

4936 

4937 

4938 

4939 

4940 

3.69338 
3.69346 
3  69355 
3.69364 

3-69373 

4981 

4982 

4983 

4984 

498; 

3.69732 

3.69740 

3-69749 

3  69758 
3.69767 

5026 

5027 

5028 

5029 

5030 

3.70122 
3.7013 1 
3.70140 
3.70148 
3  70157 

4896 

4897 

4898 

4899 

4900 

3.68984 
3.68993 
3.69002 
3.6901 1 

3  69020 

4941 

4942 

4943 

4944 

4945 

3.69381 

3.69390 

3-69399 

3.60408 

3.69417 

4986 

4987 

4988 

4989 

4990 

3-69775 

3.69784 

3.69793 

3.69801 

3.6981c- 

5°3 1 
5032 

5°33 

5°34 

5°35 

3 .70 1 65 
3.70174 
3.70183 
3.70191 
3.70200 

4901 

49°  2 

;  49°  3 
4904 

4904 

3.69028 

3.69037 

3.69046 

3.6905.5. 

3.69064 

4946 

4947 

4948 

4949 

4950 

3.69425 

3.69434 

3-69443 
3.69452 
3  6Q46T 

499 1 
4692 

4993 

4994 

4005 

3,69819 
3.69827 
3.69836 
3.69845 
3  60854 

5036 

5°37 

5°38 

5°39 

5040 

3.70209 

1  3  70217 
3.70226 
3  70234 
!  1  70242 
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fit. 

Logar. 

Logar. 

iV. 

Logar. 

N. 

I  Logar. 

5°4* 

3.70252 

5086 

3.70638 

513I 

3.71020 

s*76 

3-7*399 

5°42 

3.70260 

5087 

3.70646 

5132 

3.71028 

5*77 

3.7*408 

5°43 

3.70269 

5088 

3.70655 

5 1 3  3 

3.7*037 

5178 

3.71416 

5°44 

3.70278 

5089 

3-70663 

5 1 34 

3.7*046 

5*79 

3.7*425 

5°45 

3.70286 

5090 

3.70672 

5*35 

3.7*054 

5180 

37*433 

;°46 

3.70295 

5091 

3.70680 

5136 

3.7*063 

5181 

3-7*44* 

5°47 

3.70303 

5092 

3.70689 

5*37 

3-7*07* 

5182 

3.71450 

5°48 

3.70312 

5093 

3.70697 

5138 

3.71079 

5i83 

3.7*458 

5049 

3.70321 

5°94 

3.70706 

5*39 

3.71088 

5i84 

3.71467 

5050 

3.70329 

5095 

3.70714 

5140 

3.7*096 

5185. 

3-71475 

SOS1 

3-70338 

50  96 

3.70723 

5141 

3.71*05 

5186 

37*483 

5°52 

3.70346 

5097 

3.70731 

5142 

3.71*13 

5187 

3.71492 

5°53 

3-70355 

5098 

3.70740 

5H3 

3.71 122 

5188 

3-7*500 

5°54 

3.70364 

5099 

3.70749 

5H4 

3.7*130 

5189 

3-7*508 

5°55 

3.70372 

5 

100 

3-70757 

5*45 

3.71139 

5*9(° 

3 -7  *  5 1 7 

5056 

3.70381 

5 

101 

3.70766 

5146 

37**47 

5*9* 

3.71525 

5°57 

3.70389 

5 

102 

3-70774 

5*47 

3.7i*55 

5*92 

3-7I533 

;o58 

3.70398 

5 

103 

3.70783 

5148 

3.71164 

5*93 

3-7*542 

5°59 

3.70406 

5 

104 

3.70791 

5*49 

3.7*172 

5*94 

3-7I5S° 

5060 

3.70415 

5 

105 

3.70800 

5*5° 

3.71181 

5'95 

3-7*559 

5061 

3.70424 

5 

106 

3.70808 

5*5* 

3.7*189 

5196 

3  -7*567 

5062 

3.70432 

5 

107 

3.70817 

5*52 

3.71198 

5*97 

3-71575 

5063 

3.70441 

5 

108 

3-70825 

5*53 

3.71206 

5>98 

371584 

5064 

3.70449 

5 

109 

3-70834 

5*54 

3.7*214 

S 1 99 

37*592 

506; 

3.70458 

5 

1 10 

3.70842 

5*55 

371223 

5200 

3.71600 

5066 

3.70466 

5 

1 1 1 

3-7o85  1 

5>56 

3.7*231 

5201 

371609 

'5067 

3-70475 

5 

1 12 

3.70859 

5*57 

37*240 

5202 

3.71617 

5068 

3.70484 

5 

1 13 

3.70868 

5158 

3.71248 

5203 

3.71625 

5069 

3.70492 

5 

1 14 

3.70876 

5*59 

3.71257 

5204 

3.7*634 

5°7° 

3.70501 

5 

**5 

3.70885 

5160 

3.71265 

5205 

3.71642 

5°7i 

3.70509 

5 

1 16 

3.70893 

5161 

3.7*273 

5206 

3.7*650 

5°72 

3-7°5l8 

5 

1 17 

3.70902 

5162 

371282 

5207 

371659 

5°73 

3.70526 

5 

1 18 

3-7°910 

5*63 

3.71290 

5208 

371667 

5074 

3-70535 

5 

*  *9 

3.70919 

5164 

3.71299 

52O9 

3.71675  ; 

5075 

3-70544 

5 

120 

3.70927 

5165 

3-7*307 

5210 

3.71684 

5076 

3.70552 

5 

121 

3.70935 

5166 

3-7*3  *5 

5211 

3.7*692 

5°77 

3.70561 

5 

122 

3-70944 

5*67 

3-7*324 

5212 

3.7*700 

5078 

3.70569 

5 

123 

3.70952 

5168 

37*332 

5213 

3.71709 

5079 

3.70578 

5 

124 

3.70961 

5 1 69 

37*34* 

5214 

3 -7  *  7 1 7 

5080 

3.70586 

5 

125 

3.70969 

5*7  0 

37*349 

5215 

3-7*725 

5081 

3.70595 

5 

126 

3-70978 

5*7* 

3.71357 

52l6 

3-7*734 

5082 

3.70603 

5 

127 

3.70986 

5*72 

3.7*366 

5217 

3.71742 

5083 

3.70612 

5 

128 

3.70995 

5*73 

37*374 

52l8 

3.71750 

5084 

3.70621 

5 

129 

3.71003 

5*74 

3.71383 

5219 

3-7*759 

5085 

3.70629 

5 

130 

3-71012 

5*75 

3-7*39* 

5220 

3.71767 
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N. 


5221 

5222 

5223 

5224 

5225 


5226 

5227 

5228 

5229 

5230 


5231 

5232 

5  23  3 

5234  3 

5235 


5236 

5237 

5238 

5239 

5240 


5241 

5242 

5243 

5244 

3245 


5246  3 

5247 

5248 

5249 

5250 


5251 

5252 

5253 

5254 

5255 


5256 

5257 

5258 

5259 

5260  3 


5261 

5262 

5263 

5264 

5265 


Logar. 


3-7 

3-7 

3*7 

3-7 

3-7 


3-7 

3*7 

3-7 

3-7 

3-7 


3-7 
3-7 
3-7 
7 
3-7 


3-7 

3-7 

3-7 

3*7 

3-7 


3*7 

3-7 

3-7 

3-7 

3-7 


7 
3*7 
3-7 


775 

784 

792 

800 

809 


817 

825 

834 

842 

850 


858 

867 

87S 

883 

892 


900 
908 
9 1 7 

925 

933 


941 

950 

958 

966 

975 


983 

991 

999 


3.72008 

3.72016 


3.72024 

3.72032 

3.72041 

3.72049 

3.72057 


3.72066 
3.72074 
3.72082 
3.72090 
72099 


3.72107 

3-72115 

3.72123 

3.72132 

3.72140 


iV. 


5266 

5267 

5268 

5269 

5270 


5271 

5272 

5273 

5274 

5275 


5276 

5277 

5278 

5279 

5280 


5281 

5282 

5283 

5284 

5285 


5286 

5287 

5288 

5289 

5290 


5291 

5292 

5293 

5294 

5295 

5296 

5297 

5298 

5299 

5300 


5301 

5302 

5303 

5304 

5305 


5306 

5307 

5308 

5309 

5310 


Logar. 


3.72148 

3.72156 

3.72165 

372173 

3.72181 


3.72189 

3.72198 

3.72206 

3.72214 

3.72222 


3.72230 

3.72239 

3.72247 

3.72255 

3.72263 


3.72272 

3.72280 

3.72288 

3.72296 

372305 

3  •  7  2  3 1 3 
3.72321 

3.72329 

372337 

3.72346 


372354 

3.72362 

372370 

3.72378 

3.72387 


3.72395 
3.72403 
3.7241 1 
372419 
3.72428 


3-72436 

3.72444 

3.72452 

3.72460 

3.72469 


3.72477 

3.72485 

3.72493 

3.72501 

3.72509 


iV. 


5311 

53*2 

53*3 

53H 

53*5 


5316 

53*7 

53*8 

53*9 

5320 


5321 

5322 

5323 

5324 

5325 


5326 

5327 

5328 

5329 

5330 


533* 

5332 

5333 

5334 

5335 


5336 

5337 

5338 

5339 

5340 


534* 

5342 

5343 

5344 

5345 

5346 

5347 

5348 

5349 
535° 


535* 

5352 

5353 

5354 

5355 


Logar. 


3.72518 

3.72526 

3-72534 

3.72542 

3-72$50 

372559 

3.72567 

3-72575 

3.72583 

3.72591 


3.72599 

3.72607 

3.72616 

3.72624 

372632 


3.72640 

3.72648 

3.72656 

3.72665 

3.72673 


3.72681 

3.72689 

3.72697 

3.72705 

3.72713 


3.72722 
3.72730 
3.72738 
3  72746 
3-72754 


3.72762 

3.72770 

3-72779 

3.72787 

3-72795 


3,72803 
3.7281 1 
3.72819 
3.72827 
3.72835 


3.72843 

3.72852 

3.72860 

3.72868 

3.72876 


N. 

Logar. 

5356 

5357 

5358 

5359 

5360 

3-72884 

3-72892 

3-72900 

3.72908 

372916 

5361 

5362 

5363 

5364 

5365 

3.72925 

3-72933 

3-7794* 

377949 

3-77957 

5366 

5367 

5368 

5369 

537° 

3.72965 

3-72973 

3.72981 

3.72989 

3.72997 

537* 

5372 

5373 

5374 

5375 

3.73006 

3.730*4 

3.73022 

3.73030 

3.73038 

5376 

5377 

5378 

5379 

5380 

3.73046 

3-73054 

3.73062 

3.73070 

3.73078 

S38' 

5382 

5383 
53S+ 
5385 

3.73086 

3.73094 

3-73*°2 

3.73m 
3-73*  *9 

5386 

5387 

5388 

5389 

5390 

3.73127 

3-73*35 

3-73*43 

373*5* 

3-73*59 

539* 

5392 

5393 

5394 

5395 

3-73*67 

3-73*75 

3.73183 

3-73*9* 

3-73*99 

5396 

5397 

5398 

5399 

54°° 

3.73207 

3.73215 

3-73223 

3  7323* 

3  73239 

396 


J  'table  of  Logarithms. 


N. 

Logar. 

iV. 

Logar. 

N. 

Logar. 

N. 

Logar. 

54° 1 

3-73247 

3446 

3.73608 

549* 

3-73965 

55  J6 

3.74320  : 

54°2 

373255 

5447 

3.73616 

5492 

3-73973 

5537 

3.74327 

54°3 

3.73264 

5448 

3-73624 

5493 

3-7398* 

5538 

3-74335 

54°4 

3.73272 

5449 

3-73632 

5494 

3-739s9 

5539 

3-74343 

54°5 

3.73280 

545° 

3.73640 

5495 

3-73997 

5540 

3-7435* 

3406 

3.73288 

545 1 

3.73648 

5496 

3.74005 

554* 

3-74359 

54°7 

3.73296 

5452 

3.73656 

5497 

3.74013 

5542 

3-74367 

5408 

3-733°4 

5453 

3.73664 

5498 

374020 

5543 

3-74374 

5409 

3-733 1 2 

5454 

3.73672 

5499 

3.74028 

5544 

3*74382 

5410 

3.73320 

5455 

3-73679 

5500 

3.74036 

5545 

3-7439° 

541 1 

3-73328 

5456 

3.73687 

5501 

3-74044 

5546 

3.74398 

541  2 

373336 

5457 

3-73695 

5502 

3.74052 

5547 

3.74406 

541 3 

3-73344 

5458 

3-737°3 

5  5  °3 

3.74060 

554s 

3.74414 

5414 

3 • 73  3  5  2 

5459 

3-737*1 

5504 

3.74068 

5549 

3.74421 

54*  5 

3.73360 

5460 

3-737*9 

5505 

3.74076 

555° 

3-74429 

5416 

3.73368 

5461 

3.73727 

55°6 

3.74084 

555  * 

3-74437 

54*  7 

3-73376 

5462 

3-73735 

5507 

3.74092 

5552 

3-74445 

541 8 

3-73384 

5463 

3-73743 

55°8 

3.74099 

5553 

3-74453 

54*9 

3 -73392 

5464 

3-7375* 

5509 

3.74107 

5554 

3.74461 

5420 

3  73400 

5465 

3-73759 

55*o 

3-74*  *5 

5555 

3.74468 

5  42  * 

3.73408 

5466 

3-73767 

55** 

3.74123 

5S56 

3-74476 

5422 

3.73416 

3467 

3-73775 

5512 

3-74*3* 

5557 

3-74484 

5423 

3-73424 

5468 

3-73783 

55*3 

3-74*39 

5558 

3.74492 

5424 

3-73432 

5469 

3-7379* 

55*4 

3-74*47 

5559 

3.74S00 

5425 

3-7344° 

5470 

3-73799 

55*5 

3-74*56 

5  56o 

3.74507 

5426 

373448 

547 1 

3-738o7 

55i6 

3.74162 

5562 

3-745*5 

54  27 

3-73456 

3472 

3.73815 

55*7 

3-74*7° 

5562 

3-74523 

5428 

3-73464 

5473 

3-73823 

5518 

3.74*78 

5563 

3-7453* 

5429 

3.73472 

5474 

3-73830 

55*9 

374*86 

5  564 

3-74539 

?43° 

3.73480 

5475 

3.73838 

5520 

3-74*94 

5565 

3-74547 

543  1 

3.73488 

5476 

3.73846 

5  52* 

3.74202 

5566 

3-74554 

543  2 

3.73496 

5477 

3.73854 

5522 

3.74210 

5567 

3-74562 

5433 

3735°4 

3478 

373862 

3523 

374218 

5568 

3-7457° 

5434 

3-735  1  2 

5479 

37387c 

5524 

3.74225 

5569 

3-74578 

5435 

3  73520 

5480 

3  73878 

5  525 

3-74233 

557° 

3  74586 

.  5436 

3.73528 

5481 

3.73886 

55z6 

3.74241 

557* 

3-74593 

5437 

3  73536 

5482 

3-73894 

5527 

374249 

5572 

3.74601 

543s 

3  73544 

5483 

3.73902 

5528 

3.74257 

5573 

3.74609 

5439 

3-73552 

5484 

3.73909 

5529 

3.74265 

5574 

3.74617 

544° 

3.73560 

3-739* 8 

5530 

3-74273 

5575 

3  *  y  4*^  ^4 

5441 

3.73568 

3486 

373926 

553  * 

3.74280 

5576 

3.74632 

5442 

3-73576 

5487 

3-73934 

5532 

374288 

5577 

3.74640 

5443 

:  3  73584 

5488 

3-7394* 

5533 

3.74296 

5578 

3.74048 

5444 

3.73592 

5489 

3-73949 

5534 

3-74304 

5579 

3  74656 

5445 

3  73600 

5490 

3-73957 

5535 

3-743*2 

558° 

3.74663 

JLa 


A  Table  of  Logarithms. 


N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

iv.  |  Logar. 

55s  1 

5582 

5583 

5584 
55 8  5 

3. 7467 1 

374679 

3.74687 

374695 

3.74702 

5626 

5627 

5628 

5629 

5630 

3.75020 

3.75028 

3-75°35 

3-75043 

3-7505i 

5671 

5672 

5673 

5674 

5675 

3.75366 

3-75374 

3.75381 

3-75389 

3-75397 

5716 

5  7 1 7 

5718 

57 1 9 

5720 

3-75709 

3-757x7 

3-75724 

3-75732 

3-75740 

5586 

5587 

5588 

5589 

5590 

374710 
3. 74718 

3.74726 

374733 

374741 

5631 

5632 

5633 

5634 

5635 

3.75059 

3.75066 

375074 

3.75082 

3.75089 

5676 

5677 

5678 

5679 

5680 

3-75404 

3.75412 

3.75420 

3-75427 

3-75435 

5721 

5722 

5723 

5724 

5725 

3-75747 

3-75755 

3.75762 

3-75770 

3-75778 

559 1 

5592 

5593 

5594 

5595 

3-74749 

3-74757 

3-74764 

3-74772 

3.74780 

5636 

5637 

5638 

5639 

5640 

3.75097 

3.75105 

3-75 1  *3 
3.75120 

3.75128 

5681 

5682 

5683 

5684 

5685 

3-75442 

3.75450 

3.75458 

3-75465 

3-75473 

5726 

5727 

5728 

5729 

5730 

3.75785 

3  75793 
3  75800 
3.75808 
3-758i5 

559° 
5597 
j  5598 

5599 

5600 

374788 

3-74796 

3.74803 

3748n 

3.74819 

5641 

5642 

5643 

5644 

5645 

3*75 1 3  6 
3-75H3 

3  75  1 5 1 

3 -75 1 59 
3.75166 

5686 

5687 

5688 

5689 

5690 

3.75481 

3.75488 

3-75496 

3-75504 
3-755 1  1 

573 1 

5732 

5733 

5734 

5735 

3.75823 

3-75831 

3-75838 

3.75846 

3-75853 

5601 

5602 

5603 
!;6o4 

5605 

3.74827 

3-74834 

3.74842 

3.74850 

3.74858 

5646 

5647 

5648 

5649 

5650 

3-75 1 74 

3-75I82 

3 -75 1 89 

3 -75 1 97 
3.75205 

5691 

5692 

5693 

5694 

5695 

3-755 1 9 
3.75526 

3-75534 

3-75542 

3-75549 

5736 

5737 

5738 

5739 
574° 

3.75861 

3.75868 

3.75876 

3.75884 

3.75891 

5606 
i  56(37 
5608 
56(39 
5610 

3.74865 

374873 

3.74881 

3  74889 
374896 

5651 

5652 

5653 

5654 

5655 

3 -75  2 1 3 
3.75220 

3.75228 

3.75236 

3-75243 

5696 

5697 

5698 

5699 

5700 

3-75557 

3-75565 

3-75572 

3.75580 

3-75587 

5741 

5742 

5743 

5744 

5745 

3-75899- 

3.75906 

3-759*4 

3-75921 

3-75929 

561 1 

15612 
;56<3 
56  J4 

5615 

3-749°4 

3-74912 

3.74920 

374927 

3-74935 

5656 

5657 

5658 

5659 

5660 

3  •  75  25 1 

3-75259 

3.75266 

3.75274 

3.75282 

5701 

5702 

5703 

5704 

5705 

3  75595 
3.75603 

3.75610 

3.75618 

3.75626 

5746 

5747 

5748 

5749 

5750 

3-75937 
3-75944 
3 -7595  2 
3  75959 
3-75967 

15616 

5617 

5618 

5619 

5620 

3-74943 

3-7495° 

3.74958 

3.74966 

3-74974 

5661 

5662 

5663 

5664 

5665 

3.75289 

3-75  297 
3-75305 
3.75312 
3.75320 

5700 

5707 

5708 

5709 
571Q 

375633 

3-75  64 1 
3.75648 

3.75656 

3.75664 

575  1 

5752 

5753 

5754 

5755 

3-75974 

3.75982 

3-75989 

3-75997 

3.76005 

5621 

5622 

567.3 

5624 

15625 

3.74981 

3  74989 

3-74997 

3.75005 

3.75012 

5666 

5667 

5668 

5669 

5670 

3.75328 

3-75335 
3-75343 
3-7535  x. 
3-75.358 

57 1 1 

5712 

57x3 

5  7 1 4 

J  5715I 

3  7567 1 
3.75679 
3.75686 

3-75694 

3.75702 

5756 

5757 

5758 

5759 

5760 

3.76012 
3.76020 
3.76027 
3.76035 
3  76042 

D  d 


>5  9 8  A  Table  of  Logarithms^ 


N. 


5761 

5762 


2.76CKO 

3  76057 
5763  3  76o6i 


5764 

2^5 

5766 

767 

768 

5769 

5770 


Logar. 


577 1 

5772 

5773 

5774 

5775 


5776 

5777 

5778 

5779 

5780 


5781 

5782 

5783 
57S4 
5785 


5786 

5787 

5788 

5789 
579c 


.•76072- 

3.76080 


3.76087 
3:76095 
3  76103 
3.761  to 


N. 


5806 

5807 

5808 

58°9 

581O 


Logar.  ;  j  N.  j  Logar. 


3.76388 !!,585  I  J3.76723 

3.76395  *5852  3.76730 
*  rAxn'j  r8n  2.76728 


3  76118 


3.76125 

•76133 

.76140 

3.76148 

3-76I55 


5811 


76403 
3.76410S 
3,76418’ 


5812 


3.76163 

3.76170 

3.76178 

3.76185 

376193 


3.76200 

3.76208 

3.76215 

3.76223 

3.76230 


5813 

5814 

5815 


:8 16 


5817 

5818 

5819 

5820 


176425 


7643 


3.764405 


58531376738 


5854 

5855 


5856 

5857 


c<S;'8 


376745 

376753 


N. 


Logar. 

377056 


5896  ... 

5897  377063 


3.76448  5859 


37645 


376462 

3.76470 

3  76477 
3.76485 

37  6492 
3.76500 
376507 
3765  !5 
376522 


5821 

5822 

5823 

5824 

5825  376530 


5860 

586T 

5862 


376760 
3.76768 
3.76775 
3.76782 
7679° 


,863 


5864 

5865 


3.76797 
76805 
3.768 1 2 
3.76819 
3.76827 


5866  3  76834 


5826 

5827 

5828 


5  79 1 

5792 

5793 

5794 

5795 


3.76238 
3.76245 
3.76253 
3.76260 
3 .76268 


5829 

5830 


5796 

5797 

5798 

5799 

5800 


5801 

5802 

5803 

5804 

5805 


3.76275 

3.76283 

3.76290 

3.76298 


3.76305 


5831 

5832 

5833 
3834 
5833 


376537 

376545 

3.76552 

3.76559 


.76567 


376574 

3.76582 

3.76589 

376597 

3  76604 


5836 


376313 

376320 

2.76328 

376335 
3  76343 


3.76350 

376358 

3.76365 

376373 

376380 


5837 

5838 

5839 

5840 


5841 

5842 

5843 

5844 

5845 


P 


3.7661 
3.76619 
3  76626 
376634 
3.76641 


5867 

5868 

5869 

5870 


5871 

5872 

5873 

5874 

5875 


376649 

3.76656 

376664 

3.76671 

3.76678 


5846 

>847 

5848 

5849 

5850 


3.76686 
3.76693 
3.76701 
3.76708 
3  76716 


5876 

5877 

5878 

5879 

5880 


5881 

5882 

5883 

5884 


5885 


3.76842 

3.76849 

376856 

376864 


3.76871 

3.76879 

3.76886 

376893 

376901 


3.76908 

.76916 

3  76923 
376930 
376938 


776945 
376953 
3.76960 
3  76967 


5898 

5899 

5900 


5901 

5902 

59°3 

59°4 

5905 


5906 

59°7 

5908 

59°9 

5910 


591 1 

5912 

59 1 3 

59 1 4 
59*5 


59J6 

59 1 7 

59 1 8 

59 1 9 

5920 


5921 


3,77070 

377078 

377085 


377093 
377100 
37  7io7 

3  77 1 1 5 
3.771 22 


377129 
377137 
377H4 
377 15 1 
377159 


3.77166 

3  77 1 73 
3.77181 

377i88 

377195 


3.77203 

3.7721c 

3.7721s 

3.77225 

3.77232 


3.7724c 


5922 


5923 

|5924 

j5925 


3.76975 


3.76982 
3.76989 

3.76997 

9 1 377004 
~  3.77012 


5926 

5927 

5928 

5929 

5930 

5931 

5932 

5933 

5934 

5935 


37724/ 


377255 

377262 

3.7726c 


37727^ 
3.7728: 
3.7729; 
3.7729! 
3  7730' 


5939 


37731 

377321 

37732 

37733 

37734 


3.7734 
3  7735 

37736 
3  7737 


5895 13  77048  ii594°!3773‘ 


A  Table  of  Logarithm!,  3  99 


k. 

Logar. 

yV. 

Logar. 

AT. 

Logar. 

AT. 

Logar. 

594' 

5942 

5943 

5944 

5945 

3.77386 

3-77393 

3 -774° 1 
3.77408 

3-774*5 

5986 

59s7 

5988 

5989 
599° 

3-777*4 

3.77721 

3.77728 

3-77735 

3-77743 

6031 

6032 

6033 

6034 

6035 

•3.78039 

3.78046 

3-78053 

3.78061 

3.78068 

6076 

6077 

6078 

6079 

6080 

3-78362 

3-78369 

3.78376 

3.78383 

3.78390 

5946 

5947 

5948 

5949 
595° 

3.77422- 

377430! 

377437  j 

377444 

3.77452 

5991 

5992 

5993 

5994 

5995 

3-7775° 

377757 

3-77764 

3.77772 

3-77779 

6036 

6037 

6038 

6039 

6040 

3.78075 
3.78082  j 
3.78089 
3.78097  j 
3.78104 

608 1 

6082 

6083 

6084 

6085 

3.78398 
3.78405 
3.7841  2 
3.78419 
3.78426 

595 1 

5  95  2 

5953 

5954 

5955 

377459 

3  77466 

3-77474 

3.77481 

3.77488 

5996 

5997 

5998 

5999 

6000 

3.77786 

3-77793 

3.77801 

3.77808 

3.77815 

6041 

6042 

6043 

6044 

6045 

3.781 10 
3.781 18 
3.78125 
3.78132 
3.78140 

6086 

6087 

6088 

6089 

6090 

3-78433 

3.78440 

3-78447 

3-78455 

3.78462 

5956 

5957 

5958 
!  5959 

596o 

377495 
3775°3 
3-775 10 
3*775 1 7 
3-77525 

6001 

6002 

6003 

6004 

6005 

3.77822 

3.77830 

3.77837 

3-77844 

3-77851 

6046 

6047 

6048 

6049 

6050 

3.78147 
3.78154 
3.78161 
3.78 1 68 
3.78176 

6091 

6092 

6093 

6094 
609; 

3.78469 

3.78476 

3.78483 

3.7849° 

3.78497 

596' 

5962 

5963 

5964 

5965 

3-77532 

3-77539 

3-77546 

377554 

3.77561 

6006 

6007 
6008 
6009 

6010 

3*77859 

3.77866 

3-77873 

3.77880 

3.77887 

605  I 

6052 

6053 

6054 

6055 

3.78183 

3.78190 

3.78197 

3-78204 

3.78211 

6096 

6097 

6098 

6099 

6100 

3.78505 
3.785  12 
3.78519 
3.78526 

3-78533 

5966 

15967 

5968 

5969 

597° 

3.77568 

3-77576 

3-77583 

37759° 

3  77597 

60I  I 

6012 

6013 

6014 

6015 

3-77895 

3.77902 

3.77909 

3  *779 1 6 
3-77924 

6C56 

6057 

6058 

6059 

6060 

3.78219 

3.78226 

3  78233 
3.78240 
3.78247 

6101 

6102 
6103 
6104 
6l05 

3.78540 

3-78547 

3-78554 

3.78561 

3.78569 

5971 

I  597 2 

5973 

5974 

5975 

377605 
3.7761 2 
3.77619 
3.77627 
3-77634 

6016 

6017 
6018 

6019 

6020 

3-7793 1 
3-77938 
3-77945 
3-77952 
3.77960 

606  I 

6062 

6063 

6064 

6065 

3.78254 

3.78262 

3.78269 

3  78276 
3.78283 

6106 

6107 

6108 

6109 

6lIO 

3.78576 

3-78583 

3-78590 

3-78597 

3.78604 

5976 

5977 
597S 

5979 

598° 

3.77641 

3.77648 

3.77656 

377663 

3.77670 

602  1 
602  2 
6023 

6024 

6025 

3.77967 

3-77974 

3.77981 

3-77989 

3.77996 

6066 

6067 

6068 

6069 

6070 

3.78290 

3.78297 

3  783°5 
3.783  12 

3-783J9 

6l  I  I 

6112 

6113 

6114 

6115 

3.7861 1 
3.78618 
3.78625 

3-78633’ 

3.78640 

5981 

5982 

59s3 
15984 
*  5985 

3.77677 

3.77685 

3.77692 

3.77699 

13.77706 

6026 

6027 

6028 

6029 

6030 

3.78003 

3.78010 

3.78017 

3.78025 

3.78032 

607  I 
6072 

6073 

6074 

6075 

3.78326 

3-78333 

3.7834O 

3.78347 

3-78355 

6116 

6117 

6118 

6119 

6120 

3.78647 

3.78654 

3.78661 

3.78668 

3.78675 

**=«*=~— f 
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Logar . 


3-79316 

3*79323 

3*79330 

3*79337 

3*79344 


N. 


6256 

6257 

6258 


Logar. 


3-7935 1 
3*79358 
379365 
3*79372 
3*79379 


3.79386 

3*79393 
3.79400 

6224  3-79407 

6225  3.79414 

6226  3.79421 

6227  3.79428 
3.79432 

,  3*79442 
6230  379449 


3.79456 
3.79463 
.  3*79470 

6234  3*79477 

6235  3*79484 

6236  -3.79491 

6237  3*49498 

6238  379505 


6239 

6240 

3.79512 
3*795 18 

6241 

6242 

6243 

6244 

6245 

3*79525 

379532 

3*79539 

3.79546 

3*79553 

6246 

6247 

6248 

6249 

6250 

3.79560 
3  79567 

3*79574 

3.79581 

3.79588 

625  I 

6252 

6253 

6254 

6255 

3*79595 
3 .79602 

3.79609 

3.79616 

3*79623 

6259  3*7965 1 

6260  3.79657 


6261 

6262 

6263 

6264 

6265 


6266 

6267 

6268 

6269 


3.79630 

379637 

3.79644 


3.79664 
3.7967 1 
3,79678 

379685 

3.79692 


379699 

3.79706 

3 -797 1 3 
3.79720 


6270 

3.79727 

6271 

6272 

6273 

6274 

6275 

3*79734 

3 -79741 
379748 

3*79754 

3.79761 

6276 

6277 

6278 

6279 

6280 

3.79768 

3*79775 

3.79782 

3  79789 
3*79796 

6281 

6282 

6283 

6284 

6285 

3798o> 
3.708 10 

3*798i7 

3.79824 
3  *7983 1 

6286 

6287 

6288 

6289 

6290 

3*79837 
3  79844 
379851 
379858 
3.79865 

6291 

6292 

6293 

6294 

6295 

3.79872 

379879 

3.79886 

3*79893 

3.79900 

6296 

6297 

6298 
6295 

,630c 

3.79906 

3-799*3 

379920 

3*79927 

3*79934 
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Logar. 

N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

6301 

6302 

6303 

6304 

6305 

3-79941 

3.79948 

3-79955 

3.79962 

3.79968 

6346 

6347 

63  4S 

6349 

6350 

3.80250 

3.80257 

3.80264 

3.80271 

3.80277 

6391 

6302 

6393 

6394 

6395 

3.80557 

3.80564 

3.80570 

3.80577 

3.80584 

6436 

6437 

6438 
6+39 
6440 

3.80862 

3.80868 

3.80875 

3.80882 

3.80889 

6306 

6307 

6308 

6309 

6310 

3*79975 

3.79982 

3.79989 

3.79996 

3.80003 

635 1 

6352 

^353 

6354 

6355 

3.80284 
3.80291 
3.80298 
3.80305 
3.803  12 

6396 

6397 
6308 

6399 

6400 

3.80591 
3.80598 
3.80604 
3.8061 1 
3.80618 

6441 

6442 

6443 

6444 
644; 

3.80895 

3.80902 

3.80909 

3.80916 

3.80922 

6311 

6312 
63  !3 

63 1 4 

6315 

3.80010 

3.80017 

3.80024 

3.80030 

3.80037 

6356 

6357 

6358 

6359 

6360 

3.803  18 
3.80325 
3.80332 
3.80339 
3.80346 

6401 

6402 

6403, 

6404 

6405 

3.80625 

3.80632 

3.80638 

3.80645 

3.80652 

6446 

6447 

6448 

6449 

6450 

3.80929 

3.80936 

3.80943 

3.80949 

3.80956 

6316 
j  6317 
16318 

6319 

6320 

3.80044 
3.8003 1 
3.80058 
3.80065 
3.80072 

6361 

6362 

6363 

6364 

6365 

3-80353 

3.80359 

3.80366 

3-80373 

3.8038c 

6406 

6407 

6408 

6409 

6410 

3.80659 

3.80665 

3.80672 

3.80679 

3.80686 

6451 

6452 

6453 

6454 

6455 

3.80963 

3.80969 

3.80976 

3.80983 

3.80990 

6321 

6322 

6323 

6324 

6325 

3.80079 

3.80085 

3.80092 

3.80099 

3.80106 

6366 

6367 

6368 

6369 

6370 

3-80387 

3.80393 

3.8040c 

3.80407 

3.80414 

641 1 

641 2 

6413 

64H 

6415 

3.80693 

3.80699 

3.80706 

3.80713 

3.80720 

6456 

6457 

6458 

6459 

6460 

3.80996 
3.81003 
3.81010 
3.8 1017 
3.81023 

6326 

6327 

6328 

6329 

6330 

3.80113 
3.801 20 
3.80127 
3.80134 
3.80140 

6371 

6372 

6373 

6374 

6375 

3.8042 1 
3.80428 
3.80434 
3.80441 
3.80448 

6416 

6417 

6418 

6419 

6420 

3.80726 
3-80733 
3. '80740 
3.80747 
3.80754 

6461 

6462 

6463 

6464 

6465 

3.81030 

3 .8 1  °37 
3.81043 
3.81050 
3.81057 

6331 

6332 

6333 

6334 

6335 

3.80147 

3.80154 

3.80161 

3.80168 

3.80175 

6376 

63  77 

6378 

6379 

6380 

3.80455 

3.80462 

3.80468 

3.80475 

3.80482 

6421 

6422 

6423 

6424 

6425 

3.80760 
3.80767 
3.80774 
3.8078 1 
3.80787 

6466 

6467 

6468 

6469 

6470 

3.81064 
3.81070 
3.81077 
3.8 1084 
3.81090 

6336 

6337 

6338 

6339 

6340 

3.80182 

3.80188 

3.80195 

3.80202 

3.80209 

6381 

6382 
63S3 

6384 

6385 

3.80489 
3.80496 
3.80502 
3.80509 
3.805  16 

6426 

6427 

6428 

6429 

6430 

3.80794 
3.80801 
3.80808 
3.808 14 
3.80821 

647 1 

6472 

6473 

6474 

6475 

3.81097 
3.81 104 
3.81 1 1 1 
3.81M7 
3.81 124 

6341 

6342 

6343 

6344 
634S' 

3.80216 

3.80223 

3.80229 

3.80236 

3.80243 

63  86 

6387 

6388 

6389 

6390 

3.80523 

3.80530 

3.80536 

3.80543 

3.80550 

6431 

6432 

6433 

6434 

6435 

3.80828 

3.80835 

3.80841 

3.80848 

3.80855 

6476 

6477 

6478 

6479 

6480 

3.81 13 1 
3.8*  137 
3.81144 

3. 81151 
3.81 158 
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3-8i43j 

3  8i438 

3 .8  j  445 

3 .8 1 45 1 

3-8i458 


66 i  i!  3  82027 


■  6656*3. 8232 1 


6567  3.81737 


6568  3.81743 

6569 


3  82033  6657  3  8z328 
3.82040 

\  3.81750  ! 6614  3.82046 
6570)3. 81757  6615  3.82053 


3.82334 

3.82341 


6660  3  82347 
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666 1 

6662 

6663 

6664 

6665 


6666 

6667 

6668 

6669 

6670 


667 1 

6672 

6673 

6674 

6675 


-6676 
.6677 

6678 

6679  - 
668o|  3  82478 


3.82354 
3.82360 
3  82367 
3.82374 
3.82380 

3.82387 
3.82393 
3-824.00; 
3.82496! 

3  82413  j  6715 

fs7^7g  |  6716 


6706  3 .82646 


6707 

6708 

6709 

6710 

67 1 1 

6712 

6713 

6714 


3  82426 
3.82432 
3.82439 
3.82445 

3.82452] 

3.82458. 

3.82465 

3.82471 


3.82653 

3.82659 

3.82666 

3.82672 


3.82679 
3.82685 
3.82692 
3.82698 
3  82705 


6717 

6718 


3.827 1 1 
3  82718 
3.82724 


66ii  3.82484 

6682  3.82491 

668 3  3  82497 
6684!  3.82504 
6 6 8 5 1  3.82510 
6686  3  82517 


6687 

6688 
66  S9 


3.82523 

3.82530 

3S253* 


6690^3  82543 


6721 

6722 

6723 

6724 

6725 


6726 

6727 

6728 

6729 

6730 


6731 

’6732 

;6733 


67 1 9  3-82730 

6720  3  82737 

3.82743 
3.82750 
3.82756 
3.82763 
3.82769 

3.82776 
3  82782 
3.82789 
3.82795 
5.82802 


669113.82549 
6692';  3.82556 
•669313.82562 
6694-  3.82569 
6695I3. 82575 


6696  3.82582 

6697  3.82588 

6698  3  82595 
669913.82601 

67001 3  82607 


6734  3.82827 


6735 


6701. 3.82614 

6702  3.82620 

6703  3.82627 

6704  3  82633 
6705 13.82640  [6750 


6741 

6742 

6743 

6744 

6745 
6740 
6747 
674S 
6749 


3.82808 
3.828 1 4 
3.82821 


3.82834 


6736  3.82840 

6737 
16738 

67  39 
6740 


5.82847 
0  3.82853 
3,82860 
3.82866 


3.82879 

3.82885 


w. 

Logar. 

i\7.  j 

6751 

6752 

6753 

6754 

16755 

3-82937 

3.82943 

3.82950 

3.82956 

3  82963 

6796  3 

6797  3 

6798  3 

6799  3 

6800  3 

16756 

16757 
.6758 

,6759 

16760 

3.82969 

3.82975 

3  82982 

3  82988' 
3.82995 

6801  3 

6802  3 

6803  3 

6804  3 

6805  3 

*6761 

'6762 

’6763 

16764 

J6765 

3.83001 

3.83008] 

3.83014 

3.83020 

3.83027 

6806  3 
68o~  3 

6808  3 

6809  • 

68 10  3 

•6766 

.6767 

,6768 

{6769 

]677o 

3.83033 

3.83040 

3.83046 

3  83052 

3  83039 

6811 

6812' 
68 13- 

6814 

6815  ; 

j  67  7  j 
6772 

;6773 

6774 

677; 

3.83065 

5.83072 

3.83078 

3-83085 

3  83091 

]68 16 
168 1 7 

;68i8 

■68 19 
16820 

6776 

1^777 

I6778 

6779 

6780 

3.83097 
3.83104, 
3.83110; 
3  83117 

3  831231 

!  68  z  1 

6822 

6823 

6824 

6825 

678  1 

6782 

6783 

6784 

6785 

3.83129 
5.83136 
3.83142 
3.83149 
3  83155 

6826 

6827 

6828 

6829 
68  30 

6786 

6787 
I6788 

6789 

6790 

3.83 1 6 1 
3.83 168 
3.83174 
3.83181 
3.83187 

683  1 

6832 

6833 

6834 
683  c: 

6791 

6792 

6793 

p794 

l6795 

3 -8  3 1 93 
3.83200 

3.83206 
.  3.83213 
3.83219 

6836 

6837 

6838 
6830 
6840 

j  u  1  | 

3  83410- 


3-s34I7 

3.83423 

3.83429] 
3-83456' 
3  83442 

3.83448 

3-83455 

3.83461 

3 -834681 
3-83474| 


3  •  83480 1 

3.83487 

3.83493 

3  8 3499 I 
3.83506] 


:  IV# 
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N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

6841 

6842 

6843 

6844 

6845 

3-83512! 

3*835 1 8 

383525 

3-8353I 

3-83537‘ 

5886 

6887  : 

6888 

6889 

6890 

(.83797 
(83803 
3.83809 
3.838 16 
3.83822 

6931 

6932 

6933 

6934 

6935 

3.84080 

3.84086 

3.84092 

3.84098 

3.84105 

6976 

69  77 

6978 

6979 

6980 

3.84361 

3.84367 

3-84373 

3-84379 

3.84386 

6846 

6847 

6848 

6849 

6850 

383544 

3.83550 

383556 

3.83563 

3.83569 

6891 

6892 

6893 

6894 

6895 

3.83828 

3.83835 

3.83841 

3.83847 

3-83853 

6936 

6937 

6938 

6939 

6940 

3.841 1 1 
3.84117 
3.84123 

3  84130 
3-841 36 

6981 

6982 

6983 

6984 

6985 

3  84392 
3.84398 

3  84404 
3.84410 
3.84417 

685 1 

6852 

6853 

6854 

6855 

3*83575 

3.83582 

3.83588 

3-83594 

3.83601 

6896 

6897 

6898 

6899 

6900 

3.83860 

3.83866 

3.83872 

3.83879 

3.83885 

6941 

6942 

6943 

6944 

6945 

3.84142 

3.84148 

3.84155 

3.84161 

3.84167 

6986 

6987 

6988 

6989 

6990 

3*84423 

3.84429 

3-84435 

3.8^442 

3.84448 

6856 

6857 

6858 

6859 

6860 

3.83607 

3  .B36 1 3 
3.83620 
3.83626 
3.83632 

6901 

6902 

6903 

6904 

6905 

3.83891 

3.83898 

3.83904 

3.83910 

3.83916 

6946 

6947 

6948 

6949 

6950 

3-84i73 

3.84180 

3.84186 

3.84192 

3.84198 

699i- 

6992 

6993 

6994 

6995 

3.84454 

3.84460 

3.84466 

3-84473 

3.84479 

6861 

6862 

6863 

6864 

6865 

3.83639 

3*83645 

3.8365 1 
3.83658 
3.83664 

6906 

6907 

6908 

6909 

6910 

3.83923 

3.83929 

3-83935 

3.83942 

3.83948 

6951 

6952 

6953 

6954 

6955 

3.84205 
3.8421 1 
3.84217 
3.84223 
3.84230 

6996 

6997 

6998 

6999 

7000 

3.84485 

3.84491 

3.84497 

3  84504 
384510 

6866 

6867 

6868 

6869 

6870 

3.83670 

3-83677 

3.83683 

3.83689 

3.83696 

691 1 

6912 

69 1 3 

6914 
69j5 

3-83954 

3.83960 

3-83967 

3-83973 

3-83979 

6956 

6957 

6958 

6959 

6960 

3.84236 

3.84242 

3.84248 

3.84255 

3.84261 

7001 

7002 

7003 

7°°4 
7  00  5 

3.84516 

3.84522 

3.84528 

3-84535 

3  84541 

687 1 

6872 

6873 

6874 

6875 

3.83702 

3.83708 

3-83715 

3.83721 

3  -  8  3  7  2  7 

6916 

6917 

6918 

69  ■  9 

6920 

3.83986 
3.83992 
3.83998 
3.84004 
3.8401 1 

6961 

6962 

6963 

6964 

6965 

3.84267 

3.84273 

3.84280 

3.84286 

3.84292 

7006 

7007 

7008 

7009 

7010 

3.84547 

3-84553 

3-84539 

3.84566 

3.84572 

6876 

6877 

6878 

6879 

6880 

3-83734 

3.83740 

3-83746 

3-S3753 

3-83759 

6921 

6922 

6923 

6924 

6925 

3.84017 

3.84023 

3.84029 

3.84036 

3.84042 

6966 

6967 

6968 

6969 
,6970 

3.84298 

3.84305 

3  84311 

3-843i7 

3.84323 

701 1 

7012 

7013 

7014 

7015 

3.84578 

3-845s4 

3.84590 

3-84597 

3.84603 

6881 

6882 

6883 

6884 
688; 

3-83765 

3-8377i 

3-83778 

3-83784 

3.83790 

6926 

*6927 

j6928 

16929 

>6930 

3.84048 

3.84055 

3.84061 

3.84067 

3-s4°73 

697 1 

6972 

6973 

6974 

6975 

3-84330 

3.84336 

3.84342 

3.84348 

3.84354 

7016 

7017 

7018 

7019 

7020 

3.84609 

3.84615 

3.84621 

3.84628 

3.84634 
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N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

7021 

3.84640 

7066 

3.84917 

71 1 1 

3.85193 

7*5^ 

3.85467 

7022 

3.84646 

7067 

3.84924 

7 1 1 2 

3-85199 

7*57 

3.85473 

7023 

3.84652 

7068 

3.84930 

7**3 

3.85205 

7'58 

3.85479 

7024 

3.84658 

7069 

3.84936 

7114 

3.85211 

7*59 

3.85485 

7025 

3.84695 

7070 

3.84942 

7**5 

3.85217 

7160 

3.85491 

7026 

3.84671 

7071 

3.84948 

7 1 16 

3.85224 

7161 

3.85497 

7027 

3-84677 

7072 

3-84954 

7**7 

3.85230 

7162 

3.85503 

7028 

3.84683 

7073 

3.84960 

7118 

3.85236 

7*63 

3.85509 

7029 

3.846S9 

7°74 

3.84967 

7**9 

3.85242 

7i64 

3.855*6 

7030 

3.84696 

7075 

3.84973 

7120 

3.85248 

7165 

3.85522 

7031 

3.84702 

7076 

3.84979 

7121 

3.85254 

7l66 

3.85528 

7032 

3.84708 

7°77 

3.84985 

7122 

3.85260 

7167 

3-85534 

7°33 

3-847*4 

7078 

3.84991 

7123 

3.85266 

7168 

3.8554O 

7034 

3.84720 

7°79 

3.84997 

7*24 

3.85272 

7169 

3.85546 

7035 

3,84726 

7080 

3.85003 

7125 

3.85278 

7*70 

385552 

7036 

3.84733 

7081 

3.85009 

7126 

3.85285 

7171 

3.85558 

7°37 

3-84739 

7082 

3.85016 

7*27 

3.85291 

7*7  2 

3.85564 

7038 

384745 

7083 

3.85022 

7128 

3.85297 

7*73 

3.8557O 

7039 

3  84751 

7084 

3.85028 

7129 

3-85303 

7*74 

3-85576 

7040 

3-84757 

7085 

3.85034 

7130 

3.85309 

7*75 

385582 

i  7041 

3.84763 

70861 

3.85040 

7*3* 

3  85315 

7176 

3.85588 

7042 

3.84770 

7087 

3.85046 

7*32 

3.85321 

7*77 

3-85594 

7043 

3.84776 

7088 

3.85052 

7*33 

3.85327 

7178 

3.8560O 

7044 

3.84782 

7089 

3.85058 

7*34 

3-8.5333 

7*79 

3.85606 

7045 

3.84788 

7090 

3.85065 

7*35 

3-85339 

7180 

3  85612 

7046 

3.84794 

7°9I 

3.85071 

7*36 

3.85345 

7181 

3.85618 

7°47 

3.84800 

7092 

3.85077 

7*37 

3.85352 

7 1 82 

3.85625 

7048 

3.84807 

7093 

3.85083 

7*38 

3-8535-8 

7*83 

3.85631 

7049 

3  84813 

7094 

3.85089 

7*39 

3.85364 

7184 

3-85637 

7050 

3  84819 

7095 

3.85095 

7140 

3  85370 

7*85 

3.85643 

7051 

3.84825 

7096 

3.85101 

7*4* 

3.85376 

7186 

3.85649 

7052 

3.84831 

7097 

3.85107 

7U2 

3.85382 

7*87 

3.85655 

7053 

3.84837 

7098 

3.85114 

7*43 

3.85388 

7188 

3.85661 

70S4 

3.84844. 

7°99 

3.85 1  20 

7*44 

5-85394 

7*89 

3  85667 

7055 

3  84850 

7100 

3.85126 

7*45 

3.85400 

7*9° 

3.85673 

7056 

3.84856 

7101 

3-85I32 

7*46 

3.85406 

7*9* 

3-85679 

7057 

3.84862 

7102 

3-85*38 

7*47 

3  854*2 

7192 

3.85685 

7058 

3.84868 

7I03 

3-85*44 

7148 

3.85418 

7*93 

3.85691 

7059 

3  84874 

7I04 

3.85150 

7*49 

3.85425 

7*94 

3.85697 

7060 

3.84880 

7105 

3.85156 

7150 

3.85431 

7i95 

3.85703 

7061 

3.84887 

7106 

3.85163 

7*5* 

3-85437 

7*96 

3.85709 

7062 

3.84893 

7107 

3.85169 

7152 

3-85443 

7*97 

3-857*5 

7063 

3.84899 

7108 

3-85*75 

7*53 

3  85449 

7'98 

3.85721 

7064 

3.84905 

7 1  °9 1 

3.85181 

7*54 

3  85455 

7*99 

3  85727 

-7665 

38491 1 

71  TO 

3  83*87! 

J7T55 

3. 85461 

7200 

3  85733  

406 
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N. 

7201 

7202 

7203 

7204 

7205 


7206 

7207 
1 7208 

1 7Z09 
7210 


721 1 
[7212 

1 72 1 3 
!  7  2 1 4 
7  2 1 5 


7: 


7221 


Logar .  : 

N. 

Logar . 

3-85739! 
3*857  45 
3-8575  1 
3*85757 

3  85763 

7246 

7247 

7248 

7249 

7250 

3.86010  7 
3.86016  7 
3.86022  7 
3.86028  7 
3.86034  7 

3.85769 

3-8577S 

3.8C78I 

3.85788 

3,85794 

7251 

7252 

7253 

7254 

7255 

3.86040  7 
3.86046  7 
3.86052)  7 
3.86058  7 
3.86064  7 

3.858OO 
3.85806 
3.8581  2 
3.85818 
3.85824 

7256 

7257 

7258 

7259 

7260 

3.86070  7 
3.86076  7 
3.86082  7 
3.86088  7 
3.86094  7 

3.8583O 

3.85836 

3.85842 

3.85848 

3  85854 

7261 

7262 

7263 

7264 

7265 

3.86100  7 
3.86106  7 
3.86112  7 
3.86118  " 
3.86124  7 

3.85860 

3.85866 

3.85872 

I.  3.85878 
3.85884 

7266 

7267 

7268 

7269 

7270 

3.86130  7 
3.86136  7 
3.86141  7 
3.86147  7 
3-86153  7 

)  3-8589° 

7  3.85896 

3  3.85902 
)  3*859°8 

5  3  85914 

7271 

7272 

7273 

7274 

7275 

3.86159 

3.86165 

3.86171 

3.86177 

3.86183 

1  3.85920 

2  3.85926 

3  3*85932 
3.85938 

5  3  85944 

7276 

7277 

7278 

7279 

7280 

3.86189 

3.86195 

3.86201 

3.86207 

3  86213 

6  3.85950 

7  3  85956 

8  3  85962 

9  3.84968 

0  3.85974 

7281 

7282 

7283 

7284 

7285 

3.86219 
3.86225 
3.8623  i 
3.86237 
3.86243 

1  3.85980 

2  3.85986 

3  3-85992 

4  3-85998 

5  3.86004 

7286 
728^ 
(728^ 
j  7  28c 
1729c 

3.86249 
r  3.86255 
3.86261 
)  3.86267 

3  3.86273 

Logar. 


3.86279 

3.86285 

3.86291 

3.86297 

3.86303 


3.86308 

3.86314 

3.86320 

3.86326 

3.86332 


3.86338 

3-86344 

3.86350 

3.86356 

3.86362 


3.86368 

3.86374 


3.8639: 


7328 

7329 

7330 


733' 

7332 

7333 

7334 

7335 


N. 

Logar. 

7336 

3.86546 

7337 

3  86552 

7338 

3.86558 

7339 

3.86564 

7340 

3.86570 

734 1 

3.86576 

7342 

3.86581 

7343 

3.86587 

7344 

3.86593 

7345 

3.86599 

7346 

3  86605 

7347 

3.8661  1 

7348 

3.8661  7 

7349 

3.86623 

735° 

3.86629 

735  1 

3.86635 

7352 

3 .86641 

7353 

3.86646 

7354 

3  86652 

7355 

3  86658 

7356 

3 .86664 

7357 

3.86670 

7358 

3 .86676 

7359 

3.86682 

7360 

3.86688 

736» 

3.86694 

7362 

3.86700 

J  7363 

3.86705 

7364 

3.86711 

7365 

3.8671  7 

7  7366 

3.86723 

5  7367 

3.86729 

7368 

3.86735 

5  7369 

3.86741 

737° 

3  86747 

1  737 1 

3.86753 

3  7372 

3.86759 

?  7373 

3.86764 

4-  7374 

3.86770 

^  7375 

3.86776 

5  7376 

3.86782 

2  7377 

3.86788 

8  7378 

3.86794 

4  7379 

3.86800. 

0  738c 

3.86806 

_ 


■ 
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N. 

Logar. 

N. 

Logar . 

7381 

3.86812 

7426 

3.87075 

7382 

3.86817 

7427 

3.8708  1 

7383 

3.86823 

7428 

3.87087 

7384 

3.86829 

7429 

3.87093 

7585 

3  86835 

74.30 

3.87099 

7j86 

3.86841 

743  1 

3.87105 

7387 

3.86847 

743  2 

3.87m 

7388 

3.86853 

7433 

3.87116 

7389 

3.86859 

7434 

3.871 22 

739° 

3 .86864 

743  5 

3.87128 

7  39 1 

3.86870 

7436 

3  *  87 1 34 

7392 

3.868;  6 

7437 

3.87140 

7393 

3.86882 

7438 

3.87146 

7394 

3.86888 

7439 

3.87151 

7395 

3.86894 

7440 

3.87157 

7396 

3.86900 

7441 ! 

3.87163 

7397 

3.86906 

7442 

3.87169 

7398 

3.8691 1 

7443 

3-87175 

7399 

3.869 1 7 

7444 

3.871 81 

7400 

3.86923 

7445 

3.87186 

7401 

3.86929 

7446 

3.87192 

7402 

3.86935 

7447 

3.87198 

74°3 

3.86941 

7448 

3.87204 

7404 

3.86947 

7449 

#87210 

7405 

3  86953 

7450 

3  87216 

7406 

3.86958 

745 * 

3.87221 

7407 

3.86964 

745 2 

3.87227 

7408 

3 .86970 

7453 

3.87233 

7409 

3.86976 

7454 

3.87239 

7410 

3. 86982 

745  5 

3.87245 

7411 

3.86988 

7456 

I3.87251 

741 2 

3.86994 

7457 

‘3.87256 

741 3 

3.86999 

7458 

i3-87262 

74H 

3.87005 

7459 

S3. 87268 

74*5 

3.870 1 1 

7460 

3.87274 

74l6 

3.87017 

7461 

3  87280 

7417 

3.87023 

7462 

3.87286 

7418 

3  87029 

7463 

3.87291 

74*9 

3.87035 

7464 

3.8729? 

7420 

3.87040 

7465 

3  87303 

7421 

3.87046 

7466 

3.87309 

7422 

3.87052 

7467 

3.87315 

7423 

3.87058 

7468 

i3-87320 

7424 

3.87064 

7469 

I3.87326 

7425 

3.87070 

747013.87332 

N. 

Logar. 

747* 

7472 

7473 

7474 

7475 

3*87338 

3.87344 

3.87350 

3-87355 

3.87361 

7476 

7477 

7478 

7479 

7480 

3.87367 

3-87373 

3-87379 

3.87384 

3.87390 

7481 

7*82 

7+83 

7484 

748; 

3.87396 

3.87402 

3.87408 

3.87413 

3.87419 

7486 

7487 

7488 

7489 

3.87425 

3.87431 

3.87437 

3.87442 

N.  j  Logar. 


749* b  ^7454 
7492:3.87460 

7493  ^3  87466 
749413.87471 
7495*3  874^ 


749613.87483 

7497  3  874^9 

7498  3.8749c 

7499  3-87500 
7 5°°  3  87506 


7501 ' 3.875 1 2 
750213. 87518 

75°3;  3-8?523 
75°4' 3.87529 
75o^  3-87535 


7506 

75°7 

7508 

75°9 
75  to 

75 11 

751 2 

75 1 3 
75  *4 
75 1 5 


3-87541 

3.87547 

3.87552 

3-87558 

3.8-564 


3.87570 
3  87576 
3.87581 

3-87587 

3-87593 


75  1 6> ;  3 .  ^7599 
75  *7 13-87604 
7518 ,3 .87610 

7519  3.87616 

7520  3.87622 

7521 

7522 

75  2  3 
7524 
7  5  2  5 

75  26 
7527 

75z8 
7  5  29 

7530 


3.87628 

3.87633 

3-87639 

3.87645 
3  87651 


3.87656 

3.87662 

3.87668 

3.87674 

3.87680 


753113. 87685 
753 2  3-8769* 


7533 

7534 

7535 


3.87697 

3.87703 

3-87708 


7536  3-877*4 

7537  3-87720 

75 3 8  3-87726 

7539  3-87731 
754°  ,3-87737 

7541  3*87743 
7542,3  87749 

7543'3  87754 
7544:3  877-0 

7545*3-8^66 


7546,3-87772 
7547  3  87777 
754813-87783 

7549i3*87789 

755oi3-87795 


755  1 

7552 

7553 

7554 
755  5 


7  5  5 6 
75  57 

7558 

7559 


3.87800 
3  87806 
3.87812 
3 .8781  8 
3,8-823 


3.87829 

3.88835 

3.87841 

3.87846 


7560  3  87852 
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N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

75  6 1 

3.87858 

7606 

3.881 16 

7651 

3.88372 

7696 

3.88627 

7562 

3.87864 

7607 

3.881  2 1 

7652 

3.88378 

7697 

3.88632 

7563 

3.87869 

760S 

3.88127 

765  3 

3.88383 

7698 

3.88638 

7564 

3.87875 

7609 

3.88133 

7654 

3.88389 

7699 

3.88643 

7565 

387881 

7610 

j. 88138 

7655 

3-88395 

7700 

3.88649 

7566 

3.87887 

jb  1 1 

3.88144 

7656 

3.88400 

7701 

3.88635 

7567 

3.87892 

761  2 

3.88150 

7657 

3 .88406 

7702 

3.88660 

7568 

3.87898 

7613 

3.88156 

7658 

3.8841 2 

7  7°  3 

3.88666 

7569 

3.87904 

76 1 4 

3.88161 

7659 

3.8841  7 

77°4 

3.88672 

7570 

3.87910 

7615 

3  88167 

7660 

3.88423 

7705 

3 .88677 

75  7 1 

3- 879 1 5 

7616 

3.88173 

7661 

3.88429 

7706 

3.88683 

7572 

3.87921 

7617 

3.881708 

7662 

3.88434 

77°7 

3.88689 

7573 

3.87927 

7618 

3.881 84 

7663 

3.88440 

7708 

3.88694. 

7574 

3  87933 

7619 

3.88190 

7664 

3  88446 

7709 

3.88700 

7575 

5.87938 

7620 

3.88196 

766-5 

3  88451 

7710 

3.88705 

7576 

3.87944 

7621 

3.88201 

7666 

3.88457 

77  * 1 

3.8871 1 

7577 

3.87950 

7622 

3.88207 

7667 

3.88463 

7712 

3.88717 

7578 

3-87955 

7623 

3.88213 

7668 

3.88468 

77i3 

3.88722 

7579 

3.87961 

7624 

3.88218 

7669 

3.88474 

77H 

3.88728 

7580 

3.87967 

7625 

3.88224 

7670 

3  88480 

7715 

3.88734 

7581 

3.^7973 

7626 

3.88230 

7671 

3.88485 

77l6 

3.88739 

7582 

3.87978 

7627 

3.88235 

7672 

3.88491 

77 1 7 

3.88745 

7583 

3.87984 

7628 

3.88241 

7673 

3.88497 

7718 

3.88750. 

7584 

3.87990 

7629 

3.88247 

7674 

3.88502 

7719 

3.88756 

7585 

3.87996 

7630 

3,88252 

7675 

3 .88508 

7720 

3.88762 

7586 

3.88001 

7631 

3.88258 

7676 

3.885  1 4 

7721 

3.88767 

75  8  7 

3.88007 

7632 

3 .88264 

7677 

3.88519 

7722 

3.88773 

7588 

3.8801 3 

7633 

3.88270 

7678 

3.88525 

7723 

3.88779 

7589 

3.88018 

7634 

3.88275 

7679 

3.88530 

7724 

3.88784 

719° 

3. 88024 

7635 

388281 

7680 

3.88536 

7725 

3.88790 

7  5  9 1 

3.88030 

7636 

3 .88287 

768 1 

3.88542 

7726 

3.88795 

7592 

3.88036 

7637 

3.88292 

7682 

3 .88547 

7727 

3  88801 

7593 

3.88041 

7638 

3.88298 

7683 

3.88553 

7728 

3.88807 

7594 

3.88047 

7639 

3.88304 

■7684 

3,88559 

7729 

3.88812 

7595 

UJ 

00 

00 

0 

r’5 

7640 

3.88309 

7685 

3.88564 

7730 

3.88818 

7596 

3.88059 

7641 

3-88315 

7686 

3.88570 

773 1 

3.88824 

7597 

3.88064 

7642 

3.88321 

7687 

3.88576 

7732 

3.88829 

7598 

3 .88070 

7643 

3.88326 

7688 

3.88581 

7733 

3.88835 

7599 

3 .88076 

7644 

W4 

OO 

cc 

ts) 

7689 

3.88587 

7734 

3.88840 

7600 

3.88081 

7645 

3.88338 

7690 

3.88593 

7735 

3.88846 

7601 

3.88087 

7646 

3.88343 

769. 

3.88598 

7736 

3.88852 

7602 

3.88093 

7647 

3.88349 

7692 

3.88604 

7737 

3.88857 

7603 

3  88°99 

764S 

3.88355 

7693 

3.8861c 

7738 

3.88863 

7604 

3.88104 

764.9 

3,88360 

7694 

3.8861  5 

7739 

3.88868 

7605 

[3.881 1  °.  | 

7650 !  3.88366 

7695 

3.88621 

7740 

3.88874 

774* 

7742 

7743 

7744 

7745 


3.88880 
3.88885 
3.88891 
3.88897 

3  88902 


77  86 

7787 

7788 

7789 

7790 


7746 

7747 

7748 

7749 
77  5° 

775 1 
775  2 

7753 

7754 

7755 


7756 

7757 

7758 

7759 

7760 


7761 

7762 

7763 

7764 
77^5 

7766 

7767 
77  68 

7769 

7770 


777 1 

7772 

7773 

7774 

7775 

7776 

7777 

7778 

7779 

7780 


3.88908 

3.88913 

3.88919 

3.88925 

3.88930 

3.88936 

3.8894.1 

3.88947 

2.88953 

3.88958 


3.88964 

3.88969 

3.88975 

3.88981 

3.88986 


3.88992 

3.88997 

3.89003 

3.89009 

3.89014 


3.89020 
3.89025 
3.8903 1 
3.89037 
3.89042 


779 1 

7792 

7793 

7794 

7795 

77  96 

7797 

7798 

7799 

7800 

7801 

7802 

7803 

7804 

7805 

7806 

7807 

7808 

7809 
781c 


3-89 1 59 

3 . 89 1 65 

3.891 70 
3.89176 
3.891 82 

3.89187 
3.89193 
3.89198 
3.89204 
3  89209 


3.89048 

3.89053 

3.89059 

3.89064 

3.89070 


3.89076 

3.890S1 

3.89087 

3.89092 

3.89098 

3.89104 
3 . 89 1 09 
3 . 89 1 1 5 
3.891 20 


7781 

7782 

7783 

7784 

7785  3.89126 


781 1 

781 2 

7813 

7814 
781; 


7816 

7Sl  7 

7818 

7819 

7820 

782’! 

7822 

7823 

7824 

7825 

7826 

7827 

7828 

7829 

7830 


3.89215 

3.89221 

3.89226 

3.89232 

3.S9237 


3.89243 
3 .89248 
3.89254 
3.89260 
3.89265 


3 .8927 1 
3.89276 
3.89282 
3.89287 
3.89293 


3.89298 
3.89304 
3.805  10 

3  893*5 
3  *93 21 


7836 

7837 

7838 

7839 

7840 

7841 

7842 

7843 

7844 

7845 


7846 

7847 

7848 

7849 

7850 


7851 

7852 

7853 

7854 

7855 
7S56 ' 

7857' 

7858 

7859 

7860 


3.89382 

3.89387 

3-89393 

3.89398 

3.89404 

3.89409 
1.89415 
399421 
3.89426 
3.8943^ 

0-89437 

3.89443 

3.89448 

3.89454 

3-89459 

3.89465 

3.8947c 

3.89476 

3.89481 

3.89487 

3-89493 

3.8,9498 

3.89504 

3.89509 
3-895 1 5 

3.S9520 

3.89526 

3.89531 

3-89537 

3.89542 


7886 

7887 

7888 

7889 

7890 

789! 

7892 

7S93 

!  7^94 

17895 

17896 

7897 

7898 

7899 

7900 


3.89686 

3.89691 

3.89697 

3.80702 

3.89708 

3-897 1 3 

3  89719 
3.89724 

3  8973c 
3-89735 


3.89326 

3.89332 

389337 
3-89343 
3  89348 
3  89354 

3 ,89360 
3.89365 
3.89371 


7861 

7862 

7863 

7864 

7865 


7866 

7867 

7868 

7869 

17870 


3.89376! 7875 


7871 

7872 

7873 

7874 


3.89548 

3-89553 

3-89559 

3.89564 

3-8957° 

3-89575 

3.89581 

3.80586 

3.89592 

3.89597 


7901 

7902 

79°3 

79°4 

79°5 


3.89741 
3.89746 
3.89752 
3  89757 
3-89763 

3.89768 

3.89774 

3.89779 

3.89785 

3.89790 


7906  3.89706 
7907I3. 89801 
3.89807 


7908 

79c9 

7910 


3.89603 

3.89609 

3.89614 

3.89620* 

3.89625 


79 1 1 

7912 

79 1 3 
7  9*4 
79*5 


79*6 

79*7 

79*8 

79*9 

7920 


3  89812 
3.8981 8 


3.89823 

3.89829 

3.89834 

3.89840 

3.89845 


3.8985 1 
3.89856 
3.89862 
3.89867 
3.89873 


'  1l. 
(f  1 


'■ 
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N. 

Logar.  | 

iV. 

Logar. 

N.  1 

7921 

3.89878  1 

7966 

3.90124 

8011  3 

7922 

3.89883  ! 

7967 

3.90129 

8012  3 

7923 

3.89889  : 

7968 

3.90135 

8013  3 

7924 

3.89894  i 

7969 

3.90140 

8014  3 

7925 

3 .89900 

7970 

3.90146 

8015  3 

7926 

3.89905 

797 1 

3 -9° 1 5 1 

8016  3 

7927 

3.89911 

7972 

3 -9° 1 5  7 

8017  3 

7928 

3.899 1 6 

7973 

3.90162 

8018  3 

7929 

3.89922 

7974 

3.90168 

8019  3 

793° 

3.89927 

7975 

3*9° 1 73 

8020  3 

7  93 1 

3-89933 

79/6 

3 -9° 1 79 

8021  3 

7932 

3.89938 

7977 

3.90184 

8022  3 

7933 

3.89944 

7978 

3.90189 

8023  3 

7934 

3.89949 

7979 

3 .9° 1 95 

8024  3 

7935 

3-89955 

7980 

3.90200 

8025  3 

7936 

3.89960 

79S1 

3.90206 

8026  3 

7937 

3.89966 

7982 

3.9021 1 

8027  3 

7938 

3.89971 

7983 

3.90217 

8028 |3 

7939 

3-89977 

7984 

3.90222 

8029  3 

7940 

3.89982 

7985 

3.90227 

8030  3 

7941 

3.89988 

7986 

3.90233 

8031  3 

7942 

3.89993 

7987 

3.90238 

8032 

7943 

3.89998 

7988 

3.90244 

8033 

7944 

3.90004 

7989 

3.90249 

8034 

7945 

3.90009 

7990 

3.90255 

8035 

7946 

3-9001 5 

799 1 

3.90260 

8036 

7947 

3.90020 

7992 

3.90266 

8037 

7948 

3 .90026 

7993 

3.90271 

|  8038 

7949 

3  9°°3I 

7994 

13.90276 

8039 

795° 

3  90037 

7995 

13.90282 

8040 

795 1 

3.90042 

7996 

3.90287 

8041 

795  2 

3.Q0048 

7997 

3.90293 

8042 

7953 

3.90053 

7998 

3.90298 

i_S°43 

7954 

3  90059 

7999 

3.90304 

8044 

7955 

3.90064 

8000 

3.90309 

8045 

7956 

3.90069 

8001 

3-9°3H 

8046 

7957 

3.90075 

8002 

j  3.903  2° 

8047 

795  8 

3.90080 

8003 

13.90325 

8048 

7955 

3  90086 

8002 

-  i  3  *9°3  3 1 

8049 

796c 

3.90091 

Soot; 

:3  90336 

8050 

7961 

3.90097 

8006 j 3  90342 

805 1 

7962 

3.90102 

8007:3.90347 

805  2 

796; 

00 

0 

0 

8008:390552 

8053 

796. 

1  3-901  *3 

8009  3.90358 

8054 

7q6< 

-  3  901 19 

8010  3  90363 

8033 

Logar. 


.90401 


.90417 


.9042" 


.90439 


3.9045° 

90455 
9^461 


3.905: 


N. 

Logar. 

8056 

3.90612 

8057 

3.90617 

8058 

3.90623 

8059 

3.90628 

8c6o 

3  90634 

8061 

3.90639 

8062 

3.90644 

8063 

3.9065° 

8064 

3.90655 

8065 

3.90660 

8066 

3.90666 

8067 

3.90671 

8068 

3.90677  ' 

8069 

3.90682 

8070 

3  90687 

8071 

3.90693 

8072 

3.90698 

8073 

3.90704 

8074 

3.90709 

8075 

3.90714 

8076 

3.90720 

8077 

3.90725 

8078 

3.9073° 

8079 

3.90736 

|8o8o 

3  90741 

u  j  808 1 

3-9°747 

j  [8:082 

3.90752 

530S3 

3  90757 

5  8084 

3  90763 

5  8085 

3.90768 

8086 

3  9°773 

5  8087 

3.90779 

2  8088 

3.90784 

7  8089 

3 90789 

3  8090 

3  90793 

8  8091 

3  90800 

3  8092 

3.90806 

9  8093 

3.9081 1 

4  8094 

.  3.99816 

0  8095 

3.90822 

5  8096 

3.90827 

0  ^8097 

3.90832 

6  809? 

3.90838 

1  809c 

3  90843 

7  8  I  or 

)  3  90849 
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N. 

8101 

8102 

8103 
8204 
8105 

Logar. 

3.90854 

3.90859 

3.90865 

3.90870 

3.90875 

8106 

8107 

8108 

8 1 09 

81 10 

3  90881 
3.90886 
3  90891 
3.90897 
3.90902 

81 1 1 

8112 

8113 

81 14 

8115 

8116 

81 17 

8118 

8119 

8120 

3.90907 

3-9°9*  3 
3  90918 

3.90924 

3.90929 

3.90934 

3.90940 

3  9°945 
3.90950 

3.90956 

8121 

8122 

8123 
8  r  24 
81 25 

3.90962 

3.90966 

3.90972 

3.90977 

3.90982 

8 1 26 

8127 

81 28 

8129 

8130 

3.90988 

3-9°993 

3.90998 

3.91004 
3  91009 

8131 

8132 

8133 

8«34 

8135 

3.91014 

3.91020 

3-9,025 

3.91030 

3  91036 

8136 

8137 

8138 

8139 

8140 

3.91041 
3.91046 
3.91052 
3 .9 1 05  7 
3.91062 

8141 

8*42 

8143 

8144 
f-8 1 4-C 

3.9 1068 
3.92073 
3.92078 
3.92084 
2.01080 

N. 

Logar. 

8246 

8147 

8248 

8149 

8  2  50 

3.92094 
3.92  200 
3.92  205 
3.92  2  20 
3.92  2  26 

8252 

8252 

8i53 

8254 

8255 

3-9**2‘ 
3.92  2  26 

3.92 1  32 

3-9* 1 37 

3  9*  *42 

8256 

8157 

8258 

8259 

8260 

3.92  248 

3  9 1 1 5  3 
3.9H58 

3.9U64 
3.91 169 

8262 

8262 

8263 

8264 

8265 

3.91274 
3.92 180 

3 9ii85 
3.91190 

3.92  296 

8166 

8267 

8268 

8269 
8  2  70 

3.92  202 
3.92  206 
3.92  222 
3 . 9 1 2 1 7 
3.91 222 

8271 

8272 

8173 

8174 
817; 

3.92  228 
3.91 232 
3.91 238 
3  9 1 243 
3.92249 

8  2  76 

8277 

8278 
8179 
8280 

3-9 1 254 
3.92259 

3.92265 

3  9I27° 
3.92275 

8282 

8282 

8283 

8284 

8285 

3.92  282 
3.92  286 
3.92  292 
3 .9 1 297 
3.92302 

8186 

8287 

8288 
8189 
8tqo 

3.92307 

3.92322 
3.91 3  2  8 

3.92323 

3.91 328 

N. 

Logar. 

8191 

8292 

8193 

8194 

8195 

3  *9 1 3  3  4 

3 -9 1 3  39 

3-9*344 

3.92350 

3  *9 1 3  5  ^ 

8296 

8i97 

8298 

8199 

8200 

3.92  360 

3  9*365 

3  9*37* 
3.91376 

3  9 1 3  ^  * 

8202 

8202 

8203 

8204 

8205 

3.91387 

3.92392 

3-9*397 

3.92403 

3.92408 

8206 

8207 

8208 
8269 
8220 

3-9*4*  3 
3. 9141 8 

3  9*424 
3.91429 

3.92434 

822  2 

8212 

8213 
8224 
822  5 

3  91440 
3.92445 

3-9*45° 

3-9*455 

3.92461 

8226 

8227 
822  8 
8229 
8220, 

3.91466 

3.9*471 

3-9*477 
3  91482 

3.92487 

8222 

8222 

8223 

8224 

8225 

3.9*492 

3.91498 

3-9*  5°3 
3.92  508 

3-9*  5  *4 

8226 

8227 

8228 

8229 

8230 

3  •  9 1 5 1 9 
3.9*524 

3  9 1 5 29 

3-9*535 

3.92540 

8232 

8232 

8233 

8234 
823  c 

3-9*545 
3  9*55* 

3  9*556 
3.92561 

3  02  566 

N. 

Logar . 

8236 

8237 

8238 

8239 

8240 

39*5 72 
3-9*577 

3  9*582 

3-9*587 

3  91593 

8242 

8242 

8243 

8244 

8245 

3.91598 

3.9*603 

3.91609 

3  9*6*4 
3.92619 

8246 

8247 

8248 

8249 

8250 

3.91624 

3.91630 

3.91635 

3.91640 

3  91645 

8251 

8252 

3.253 

8254 

8255 

3.9*65* 

3.91656 

3.91661 

3.91666 

3  9*672 

8256 

8257 

8258 

8259 

8260 

3.9*677 

3.91682 

3.91687 

3.91693 

3.91698 

8262 

8262 

8263 

8264 

8265 

3-9*7°3 

3.9*709 

3.9*714 

3 -9 1 7 1 9 
3.91724 

8266 

8267 

8268 

8269 

8270 

3.9*730 

3-9*735 

3.9*740 

3  9*745 
3.91751 

8272 

8272 

8273 

8274 

8275 

3.9*756 

3.91761 

3.91766 

3  9*772 
3.91777 

8276 

8277 

8278 

8279 
8?8o 

3.91782 

3.91787 

3  9*793 
3-9*798 
3.Q1803, 
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N. 


8281 

8282 

8283 

8284 

8285 


[8286 

8287 

8288 
I  8289 


Logar. 


3.91808 

3.91814 

3.91819 

3.91824 

3.91829 


N. 


3.91 834 
3.91 840 
3.9 1 845 
3*9l85° 


8290  3.91855 


8291 


8292  3.91866 


I8293 


8294  3.91876 


I8295 


j  8296 
18297 
8298 
1 8299 
8300 


I8301 

8302 


3.91 861 


3 -9 1 87 1 


91882 


3 .91 887 
3.91892 

3  *9 1 897 

3.91903 

3.91908 


8326 

8327 

8328 

8329 

833° 


Logar. 

o 


8331 

8332 

S333 

8334 

8335 


3.92044 

3.92049 

3.92054 

3.92059 

3.92065 


B336 

8337 

8338 

8339 

8340 


3-9I9l3 
3 .9191 8 


8341 

8342 

8343 
§344 
834? 


3.92070 

3.92075 

3.92080 

3.92085 

3.9209! 


N. 


8371 

8372 

8373 

8374 

8375 


3.92096 

3.92101 

3.92106 

3.92m 

3.92H7 


8303 

8304 

8305 

3.91924 

3.91929 

3 -9 1 9  34 

8306 

8307 

8308 

8309 

8310 

3-9l939 

3-9*944 

3  *9 1 95° 

3 -9 1 95  5 
3.91960 

8311 

8312 

8313 

83H 
83t  5 

3 .9 1 965 

3-9I97I 

3.91976 
3.91 98 1 
3.91986 

8316 

83*7 

8318 

83*9 

8320 

3.91991 

3  -9 1 997 

3.92002 

3  92007 
3.9201 2 

8321 

8322 

8323 

8324 

8325 

3.9201 8 
3.92023 
3.92028 
3.92033 
3  92038 

8346 

8347 

8348 

8349 
833° 


3.92122 
3.921 27 
3.92132 
3 .9  2  i  37 

3  9  2 1 43 


8376 

8377 

8378 

8379 


8280 


8381 

8382 

8383 

8384 

8385 


835 1 

8352 

8353 

8354 
835  5 


3.92148 

3-921 53 
3.92158 

3.92163 

3.92169 


Logar. 


3.92278 
3. 92283 
3.92288 
3.92293 
3.92298 


3*923°4 

3.92309 

3 -923 1 4 
3  *9  2  3 1 9 1 
3.92324 


N. 


8416 

84*7 

8418 

8419 

8420 


3.92330 

3'92335 

3.92340 

3-92345 

3.92350 


8386 

8387 


8388 


3*92355 
3.92361 
3.92366 
8389  3.92371 
‘3.92376 


8390 


3.92174 

3.92179 
3.921 84 

3.921 80 
3.92195 


8356 

8357 

8358 

8359 

8360 


8361 

8362 

8363 

8364 

8365 


8366 

8367 

8368 

8369 
837° 


8391 

8392 

8393 

8394 

g395 


3.9238I 

3.92387 

3-92392 

3.92397 

3.924O2 


3-925*  1 
3.92516 

3.92521 

3.92526 

3.9253I 


8421 

8422 

8423 

8424 

8425 


8426 

8427 

8428 

8429 

8430 


92200 
3.92205 
3.92210 
3.92215 
3.92221 


3.92226 

3.92231 

3.92236 

3.Q224I 

3.92247 


8396 

8397 

8398 

8399 

8400 

8401 

8402 
84O3 
84C4 
8405 


3.92407 

3.92412 

3.9241 8 
3.92423 
3.92428 


8431 

8432 

8433 

8434 

8435 


3-92433 

3.92438 

3.92443 

3-92449 

392454 


3.9225  2 

3.92257 

3 .92262 
3.92267 
1 3.92273 


8406 

8407 

8408 

8409 

8410 


841 1 

841 2 

8413 

8414 
i  8415 


.  92459 
3.92464 

3.92469 

3.92474 

3.92480 


8436 

8437 

8438 

8439 

8440 


Logar. 


92536 
3.92542 

3-92547 

3.92552 

3-92557 


3.9256 

3.92567 

3.92572 

3.92578 

3*92583 


3.92588 

3-92593 

3.92598 

3.92603 

3.92609 


3.92614 

3.92619 

3.92624 

3.92629 

3.92634 


8441 

8442 

8443 

8444 

8445 


8446 

8447 

8448 

8449 

8450 


3.92485 

3.92490 

3-92495 

3.92500 

3.92505 


3.92639 

3.92645 

3.92650 

3.92655 

3.92660 

3.92665 

3.92670 

3.92675 

3.92681 

3.92686 


845 1 

8452 

8453 

8454 

8455 


8456 

8457 

8458 

8459 

8460 


3.92691 
3.92696 
3.92701 
3  92706 
3.9271 1 

3  *927 1 7 

3.92722 

3.92727 

3.92732 

3.92737 


■  -2 
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N. 

Logar. 

N. 

Logar . 

N. 

Logar. 

N. 

Logar. 

8461 

8462 

8463 

8464 

8465 

3.92742 

3-92747 
3  92752 

3,92758 

3  92763 

8506 

8507 

8508 
8;o9 
8510 

3-92973 

3.92978 

3.92983 

3  92988 
3.92993 

855. 

s5S2 

8555 

s5S4 

85j5 

3.93201 

3.93207 

3.93212 

3  93217 
3.93222 

859e 

8597 

8598 

8599 

8600 

3-9343° 

3-93435 

3  9344° 
3-93445 
3-9345° 

8466 

8467 

8468 

8469 

8470 

3  92768 

3.92773 

3.92778 

3.92783 

3.92788 

851 1 

85 1 2 

85'3 
s5  >4 
8S 1 5 

3.92998 

3.93003 

3.93008 

3.93013 

3  93018 

8556 

8;;7 

8558 

s559 

8560 

3.93227 

3.93232 

3-93237 

3.93242 

3.93247 

8601 

8602 

8603 

8604 

8605 

3-93455 

3.93460 

3  934 65 

3-95470 

3-93475 

8471 

8472 

8473 

8474 

8475 

3-92793 

3.92799 

3.92804 

3.92809 

3.92814 

85 1 6 

8517 

8518 

8519 

8520 

3-93024 

3.93029 

3.93034 

3.93039 

3.93044 

8561 

8562 

8563 

8564 

8565 

3.93252 

3.93258 

3.93263 

3.93268 

3  93273 

860 1> 
8607 
S608 

8609 

8610 

3.93480 

3-934  85 
3.93490 

3-93495 

3.93500 

8476 

8477 

8478 

8479 

8480 

3.92819 

3.92824 

3.92829 

3.92834 

3.92840 

8521 

8522 

8523 

8524 

8525 

3.93049 

3-93°54 

3-93059 

3.93064 

3.93069 

8566 

8567 

8568 

8569 

8570 

3  93278 
3.93283 
3.93288 

3  93293 
3.93298 

8611 

8612 

8613 

8614 
861  5 

3-93505 

3  935  10 

3-935 1 5 
3.93520 
3.93526 

848  I 

8482 

8483 

8484 

8485 

3.92845 

3.92850 

3.92855 

3.92860 

3.92865 

8526 

8527 

8528 

8529 

8530 

3-93075 

3.93080 

3.93085 

3.93090 

3  93095 

8571 

8572 

8573 
8  5  74 
8  57  ? 

3  93303 
3.93308 

3-933 1 3 
3.93318 

3  93323 

8616 

8617 

8618 

8619 

8620 

3-93531 
3-93536 
3-93541 
3-93546 
3-9355 1 

8486 

8487 

8488 

8489 

8490 

3.92870 

3.92875 

3  92881 
3.92886 
3.92891 

853 1 

8532 

8533 

8534 

8535 

3.03 100 
3-93105 
3. 93 1 10 

3  *93 1  x5 
3.93120 

8576 

8577 
8578; 

8579 

8580 

3.93328 

3-93334 

3-93339 

3-93344 

3-93349 

8621 

8622 

8623 

8624 

8625 

3-93556 

3  9356i 
3.93566 

3-9357’ 

3-93576 

8491 

8492 

8493 

8494 

8495 

3.92896 
3.92901 
3.92906 
3.9291 1 
3.92916 

8536 

8537 

8538 

s539 

8340 

3.93125 

3.93131 

3.93136 

3-93H1 

3.93146 

8581 

8582 

8583 

8584 
8.585 

3-93354 

3-93359 

3.93364 

3-93369 

3-93374 

8626 

8627 

8628 

8629 

8630 

3.93581 

3  93586 

3  *93  59 1 
3-93596 
3.93601 

8496 

8497 
849  S 

8499 

8500 

8501 

8502 

8503 

*504 

8S°5 

3.92921 

3.92927 

3.92932 

392937 

3.92942 

854' 

8542 

s543 

8544 

854? 

3  93 1 5 1 
3.93156 

3  9  3 1 1 
3.03166 

3 -93 r  7 1 

8586 

8587 

8588 

8589 

8590 

3-93379 

3-93384 

3-93389 

3-93394 

3-93399 

3-93404 

3-93409 

3-934M 

3.9342c 

3-93425 

863  i 

8632 

8633 

8634 

8635 

8636 

8637 

8638 
8630 
8640 

3.93606 

3.93611 

3.93616 

3  93621 
3.93626 

3.92947 

3.92952 

3  92957 
3.92962 

3.92967 

8346 

8547 

8548 
8349 
8550 

3 -93 1 76 

3-93 1 8 1 
3.931 86 

3  *93 1 9 2  | 
3 -93 1 97 

8591 

8592 

8593 

8594 

8595 

3.93631 

3.93636 

3.93641 

3.93646 

3  9365’ 
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N. 

|  864I 

[8642 

8643 

8644 

8645 


j  8646 

8647 

8648 

8649 

8650 


to  gar. 


3-93656 

3.9366 

3.93666 

3.93671 

3.93677 


3  93682 
3.93687 
3.93692 

3-93697 
3  •  93  7°2 


865 1 

8652 

1 865  3 

[8654 

i8655 

,  8656 

8657 

8658 

8659 

8660 


3-937°7 

3.93712 

3  *937 1 7 
2.93722 

3'93727 


1 866 1 
8662 
j  8663 
8664 

1 8665 

1 8666 

8667 

8668 

8669 


3-93732 

3-93737 

3-93742 

3-93747 

3-93752 


3-93757 

3.93762 

3-93767 

3-93772 

3-93777 


TV. 


8686 

8687 

8688 

8689 

8690 


8691  3.93907 

8692  3.93912 

8693  3.93917 

8694  3-93922 

8695  3-93927 


3.93782 
3.93787 
3-93792 
3-93797 
8670  3.93802 


% 


3.93882 

3.93887 

3.93892 

3.93897 

3.93902 


8696 

8697 

8698 

8699 

8700 


3-93932 
3-93937 
3-93942 
3-93947 
3  93952 


8701 

8702 

8703 


8704  3-93972 


8705 


867 1 

8672 

8673 

8674 

8675 


8676 

8677 

8678 


3.93807 
3.0381 2 

3-938i7 

3.93822 

3-93827 


3.93832 

3-93837 
3  93842 

8679  3-93847 

8680  3.93852 


8681  3.93857 

8682  ;3  93862 
86833. 93867 
8684 3  93872 
868513.03877 


3-93957 

3.9396 

3.93967 


3-93977 


8706  3.93982 

8707  3.93987 

8708  3.93992 

8709  3.93997 

8710  3.94002 


8716 

8717 

8718 

87* 9 

8720 


8721 

8722 

8723 

8724 

8725 


8711  3.94007 

8712  3.94012 

8713  3  94017 

8714  3.94022 

8715  3.94027 


N. 

Logar. 

873* 

8732 

8733 

8734 

8735 

3.94106 
3.94*1* 
3.94116 
3.941  21 
3.94126 

8736 
87  37 

8738 

8739 

8740 

3-94*3* 

3.94*36 

3.94141 

3.94146 

3 94*5* 

8741 

8742 

8743 

8744 

8745 

3  94*56 

3.94161 

3.04166 

3  94*7* 
3 94*76 

8746 

8747 

8748 

8749 

8750 

3-94*8* 

3.04186 

3-94*9* 

3.94*96 

3.94201 

8751 

8752 

8753 
s754 
«755 

3.04206 

3.94211 

3.94216 

3.94221 

1 3.94226 

8756 

3.9423* 

3.94032 

3-94°37 

3.94042 

3.94047 

3  94052 


3.94057 

3.94062 

3  94o67 
3.94072 

3  94077 


N. 


8776 

8777 

8778 

8779 

8780 


Log 


ar . 

1  'J  r  n 


3-9433° 
3-94335 
3-9434° 
3  94345 
3-94349 

3-94354 

3-94359 

3'94364 


8781 

8782 

878 3  _  r ...  . 

8784  3  94369 


8785 


3  94374 


8786 

8787 

8788 

8789 
879° 


8757 

8758 


3.94240 


8759  3  94245 


8760 


8726  3.94082 


8727 

8728 

8729 

8730 


3  94087 
3.94091 
3.94096 
3  94»oi. 


8761 

8762 

8763 

8764 
876; 


3.9425° 


8791 

8792 

8793 

8794 

8795 


8796 

8797 

8798 

8799 

8800 


3-94255 
3  94260 

3.94265 
3.94270 
3  94275 


8766  3.94280 


8767 

8768 

8769 

8770 


8771 

8772 

8773 

8774 

8775 


3.94285 

3.9429° 

394295 

3.94300 


3-94379 

3-94384 

3-94389 

3-94394 

3-94399 


3.94404 

3.94409 

3-944*4 

3-944*9 

3.94424 


8801 

8802 

8803 

8804 

8805 


8806 


3.94429 

3-94433 

3.94438 

3  94443 
3.94448 


3-94453 

3.94458 

3.94463 

3.04468 

3-94473 


3.94478 


8807  3-94483 


8808 

8809 

8810 


3.94488 

3-94493 

3.94498 


88n 

8812 

8813 


3-943°5 
3  943*° 
3-943*5 

3  94320 
3.94325 


8815 


8816 

8817 

8818 

8819 


3-945°3 

3.94507 

3.945*2 


8814  3  94517 


3.94522 


3.94527 

3.94532 

3-94537 

3.94542 


8820  3-94547 
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'N. 

Logar. 

i  N. 

Lozar.  1 

N. 

Logar.  j 

n7 

Logar. 

8821 

3.94552 

|8866 

3*94773 

891 1 

3-94993 

8956 

3.9521 1 

8822 

3*9+557 

18867 

3.94778 

8912 

3.94998 

89S7 

3.95216 

8823 

3.94562 

18868 

3*947^3 

8913 

3.95002 

Sg;8 

3-9  5  22 1 

8824 

3-945  67 

*8869 

3-94787 

8914 

3-95°  °7 

8g;9 

3.95226 

8825 

3-94571 

>8870 

3.94792 

891; 

3.95012 

8960 

3*95  23 1 

8826 

3  94576 

8871 

3-94797 

8916 

3  *95° 1 7 

896I 

3*95  236 

8827 

3  9+5Sl 

8872 

3.94802 

8917 

3.95022 

8962 

3.95240 

8828 

3.94586 

8873 

3.94807 

8918 

3  95°27 

S963 

3-95245 

8829 

3-94591 

8874 

3.94812 

8919 

3.95032 

8964 

3.952-5° 

8830 

3 -<94-596 

8875 

3.94817 

8920 

3-95036 

8965 

3-95255 

8831 

3.94601 

8876 

3.94822 

8921 

3.95041 

8966 

3.95260 

8832 

3.94606 

8877 

3.94827 

8922 

3.95046 

8967 

3.95265 

8833 

3.94611 

8878 

3.94832 

8923 

3.95051 

8968 

3.95270 

8834 

3.94616 

S879 

3.94836 

8924 

3.95056 

8g6g 

3*95274 

8835 

3  94621 

8880 

3.94841 

8925 

3  95061 

897a 

3  95279 

8836 

3.94626 

8881 

3.94846 

8926 

3.95066 

8971 

3.95284 

8837 

3  9463° 

8882 

3.94851 

8927 

3-95071 

8972 

3.95289 

8838 

3-94635 

8883 

3.94856 

8928 

3-95075 

8973 

3.95294 

8839 

3  94640 

8884 

3.94861 

8929 

3.95080 

8974 

3.95299 

8840 

3.94645 

8883 

3,94866 

8930 

3.95085 

8975 

3-95303 

8841 

3.94650 

8886 

3.94871 

893 1 

3.95090 

8976 

3  95308 

8842 

3-94655 

8887 

3.94876 

8932 

3*95°95 

8977 

3-953I3 

8*843 

3.94660 

8888 

3.94880 

8933 

3.95 100 

3978 

3.95318 

8844 

3.94665 

8889 

3.94885 

8934 

3*95  io5 

8979 

5*95323  1 

8845 

3.9467O 

8890 

3.94890 

8935 

3.95109 

8980 

3  95328 

8846 

3-94675 

8891 

3.9489; 

8936 

3*95 1 1 4 

8981 

3-95332 

8847 

3.94680 

8892 

3.94900 

8937 

3-951 19 

8982 

3.95337  ; 

8848 

3.94685 

8893 

3.94905 

8938 

3-95 124 

8983 

3.95342 

8849 

3.94689 

8894 

3.94910 

8939 

3.95129 

8984 

3  95347 

8850 

3.94694 

8895 

3.949x5 

8940 

3-9s 1 34 

8985 

3*95352 

8851 

3.94699 

8896 

3 -949 1 9, 

8941 

3*95 1 39 

S986 

3-95357 

8852 

3*94704 

8897 

3.94924 

8942 

3*95 1 43 

8937 

3  9536i 

8853 

3.94709 

8898 

3.94929 

S943 

3-95H8 

8988 

3.95366 

8834 

3  94714 

8899 

3.94934 

8944 

3*95 1 53 

8989 

3  95371- 

8855 

3-94719 

8900 

3-94939 

8945 

3-95 1 581 

8990 

3-95376 

8856 

3.94724 

8901 

3*94944 

8946 

3.95163I 

8991 

3*9538i 

8857 

3.94729 

8902 

3.94949 

8947 

3  951681 

8992 

3.95386 

8858 

3-94734 

8903 

3-94954 

8948 

3  *9  ? 1 73  h  ^993 

3.95390 

8859 

3  9473-8 

8904 

'3.94959 

8949 

3  95  E  77  If  8994 

3-95395 

8860 

3  94743 

8905:3.94963 

8950 

3.95182 

8995 

3.95400 

8861 

3,94748 

89061 3.94968 

8951 

3.95187 

(8996 

3-95405 

8862 

3  94753 

8907 

3*94973 

8952 

3-95!92 

P997 

3-934io 

8863 

3.94758 

8908  3.94978 

*953 

3  95 1 97 

8998 

3-954*  5 

^864 

^.94763, 

890913.94983 

8954 

3  952C2J 

8999. 

3  954*9 

8  86  5 

3  94768 

8910 

7. 04988! 

8955 

3.95207J 

Igooo 

^  QC4-24 

E  e  2 
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iV. 

Logar. 

9181 

9182 

9183 

9184 

91 8<7 

3.96289 

3.96294 

3.96298 

3.96303 

3.96308 

9186 

9187 

9188 

9189 
9 '9° 

3*963*3 
3*963 1 7 

3.06322 

3.96327 

3.96332 

9191 

9192 

9*93 

9194 

9 1 95 

3.96336 
3  9634 1 
3.96346 
3*96350 
3*96355 

9196 

9*97 

9198 

9*99 

9200 

3 .96360 
3.96365 
3.96369 

3-96374 

3  96379 

920  i 
9202 

9203 

9204 

9205 

3.96384 

3.96388 

3*96393 

3.96398 

3.96402 

9206 

9207 

9208 

9209 

9210 

3.96407 
3.96412 
3*964*  7 
3  96421 
3  96426 

9211 

9212 

9213 

9214 

921 5 

3.96431 

3.96435 

3.96440 

3.96445 

3.96450 

9216 

9217 

92 1 8 

9219 

9220 

3.96454 

3*96459 
3.96464 
3  96468 
3*96473 

9221 

9222 

9223 

9224 

9225 

3.96478 

3.96483 

3.96487 

3.96492 

3.96497 

N. 

9226 

9227 

9228 

9229 

9230 

Logar. 

3.96501 
3.96506 
3  965 1 1 
3.96515 
3.96520 

9231 

9232 

9233 
6234 

9235 

3,96525 

3.96530 

3.96534 

3*96539 

3.96544 

9236 

9237 

9238 

9239 

9240 

3.96548 

3*96553 

3.96558 

3.96563 

3.96567 

9241 

9242 

9243 

9244 
9243 

3.9657? 

3-96S77 

3.96581 

3.96586 

3.96591 

9246 

9247 

9248 

9Z49 

925° 

3.96595 

3.96600 

3.96605 

3.96609 

3.96614 

9251 

9252 

9253 

9254 

9255 

3.96619 

3.96624 

3.96628 

3.96633 

3.96638 

9256 

9257 

9258 

9259 

9260 

3.96642 

3.96647 

3.96652 

3.96656 

3.96661 

9261 

9262 

9263 

9264 

9265 

3.96666 
3.96670 
3.96675 
3 .96680 
3.96685 

9266 

9267 

9268 

9269 

9270 

3.96689 

3.96694 

3.96699 
3.96703 
3 .96708 

N. 

Logar. 

9271 

9272 

9273 

9274 

9275 

3  967*3 
3-9  67*7 
3.96722 
3.96727 
3.96731 

9276 

9277 

9278 

9279 

9280 

3.9O736 

3.96741 

3-96745 

3.96750 

3.96755 

9281 

9282 

9283 

9284 

9285 

3*96759 

3.96764 

3.96769 

3-96774 

3.96778 

9286 

9287 

9288 

9289 

9290 

3.96783 

3.96788 

3.96792 

3-96797 
3  96802 

9  29 1 

9292 

9293 

9294 

9295 

3.96806 
3.9681 1 
3.96816 
3.96820 
3.96825 

9296 

9297 

9298 

9299 

9300 

3.96830 

3.96834 

3.96839 

3-96844 

3.96848 

93°* 

9302 

93°3 

9304 

93°5 

3.96853 

3.96858 

3.96862 

3.96867 

3 .96872 

9306 

93°7 

9308 

93°9 

Q3IO 

3.96876 

3.96881 

3  96886 
3.96890 
3.96895 

93 1 1 

9312 

93*3 

93*4 

93*5 

3.96900 
3.96904 
3.96909 
3.96914 
3.9691 8 
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N. 

Logar. 

9316 

93*7 

93*8 

93*9 

9320 

3.96923 

3.96928 

3.96932 

3.96937 

3.96942 

9321 

9322 

9323 

9324 

9325 

3.96946 

3.9695* 

3.96956 

3.96960 

3.96965 

9326 

9327 

9328 

9329 

933° 

3.96970 

3.96974 

3.96979 

3.96984 

3.96988 

933* 

9332 

9333 

9334 

9335 

3.96993 
3.96997 
3.97002 
3.97007 
3.9701 1 

9336 

9337 

9338 

9339 

9340 

3.970*6 

3.97021 

3.97025 

3-97030 

3-97035 

934* 

9342 

9343 

9344 

9345 

3.97039 

3.97044 

3.97049 

3-97053 

3.97058 

9346 

9347 

9348 

9349 
935° 

3.97063 

3.97067 

3.97072 

3.97077 

3-97oSi 

935* 

9352 

9353 

9354 

9355 

3.97086 

3.97090 

3-97095 

3.97100 

3.97104 

9356 

9357 

9358 

9399 

9360 

3.97109 
3.971*4 
3.97118 
3.9-7 1  23 
^ .  9  7  ?  2  £ 
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1  N‘ 

Logar.  i 

iV.  . 

Logar.  J 

N. 

Logar.  7S 

9361  : 

i-97‘32!  5 

H°6  3 

•9734*  $ 

M5 *  3 

-97548  94 

9362  c 

i’97'37;  c 

)4°7  3 

•97345  $ 

)452  3 

•97552  94 

9363 

5-97>42  < 

H°8  3 

•9735°  $ 

M53  3 

•97557  94 

9364 

3  •  9  7 1 46  < 

H°9  3 

•97354  ( 

H54  3 

.97562  94 

9365 

597151  c 

94*013.97359  < 

H5  5  3 

1-97566  95 

9366 

3  97 1 5  5 

94**  h 

$-97364 

?456  2 

,-9757*  95 

93  67 

3.97160 

94*2 : 

5.97368 

H57  3 

1-97575  95 

9368 

3-97i65 

94>3 : 

5-97373 

?458  : 

$-9758o|  95 

9369 

3-97l69 

94*4  3-97377 

9459  : 

$•97585  95 

937° 

3-97*74 

94*5 

3.97382 

9460 

$-97589  93 

93  7 1 

3.97179 

9416 

3-97387 

9461  ; 

•97  594j  1 95 

9372 

3-97*83 

94*7 

3-9739* 

9462 

5-97598  9! 

9373 

3.97188 

94*8 

3.97396 

9463 

3.97603  9! 

'  9374 

3-97*92 

94*9  3*974°° 

9464 

3 .97607 1 1 9  - 

9375 

3.97197 

9420I3.97405 

9465 

3.97612  9 

9376 

3.97202 

9421 

3-974*o 

9466 

3.97617  9 

9377 

3.97206 

9422 

3-974*4 

9467 

3.97621  9 

9378 

3-9721  1 

9423 

3-974*9 

9468 

3.97626  9 

9379 

3.97216 

9424! 

3-97424 

9469 

3.97630  9 

9380 

3.97220 

9425 

3.97428 

9470 

3-97635  9 

9381 

3.97225 

9426 

3-97433 

947* 

3.97640  9 

9382 

3.97230 

9427 

3-97437 

9472 

3.97644  9 

9383 

3-97234 

9428 

3-97442 

9473 

3-97649||  9 

9384 

3-97239 

9429 

3-97447 

9474 

3-97^53||  9 

938; 

3-97243 

943° 

3-9745* 

9475 

3.97658  9 

9386 

3.97248 

943* 

397456 

9476 

3.97663  9 

9387 

3-97253 

9432 

3 9746o 

9477  <3-97667  $ 

9388 

3-97257 

9433 

3-97465 

9478 

3  97672  $ 

9380  3-97-62 

9434 

3.9747c 

9479 

3.97676  K 

939° 

3.97267 

9435 

1 3-97474 

9480 

3.97681  c 

939 1 

3.97271 

9436 

3  97479 

9481 

3.97685  c 

9392 

3.97276 

9437 

3-97483 

9482 

3.97690  U 

9393 

3.97280 

9438  3.97488 

9483 

3-97695!  1 5 

939^ 

^  3-97285 

943$ 

3-97493 

9484 

3.97699  ( 

939! 

;  3-97290 

944< 

>3  97497 

9485 

3.97704  |< 

939< 

3  3.97294 

9441 

3.97502 

9486 

3f 7708  < 

939’ 

7  3-97299 

944' 

z  3.97506 

9487 

3-977*3  ' 

939 

8  3  97304 

944! 

5  3-975 1  * 

948S 

3-977*7 

9i9( 

9-3.97308 

944, 

3.97516 

948c 

3-97722 

94°< 

^  3-973*3 

944. 

J  3-975 2c 

949c 

>  3-97727 

940 

*  3-973*7 

944< 

3.97525 

949* 

3-9773  * 

940 

2  3.97322 

944 

7  3-975z9 

949 ; 

*  3.97736 

940 

3  3-97327 

944 

8  3-9753^1 

949: 

$  3-9774° 

940 

4  3-9733* 

944< 

9  3-°7535 

949' 

3.97745 1 

940 

5  3-97336 

945' 

7  3-97543 

i949. 

5  3-9775°' 1 

Logar. 


3-97754 
3-97759 
3-97763 
3-97768 
1 3  97772 

•97777 
.97782 


.97845 


3 -979 1 4 1 

3 -979 1  ^ 
3.97923 

3.97928 

_  3  97932 

I9536  3-979371 
9537  3-9794* 
(9538  3-97946 
9539  3-9795°! 
954°  3-97955 
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N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

N. 

Logar. 

954* 

9542 

9543 

9544 

9545 

9546 

9547 

9548 

9549 

9550 

955 1 
95  5  2 

9553 

9554 

9555 

3-97959 

3.97964 

3.97968 

3-97973 

3.97978 

3  97982 
3-97987 

3  9799 1 
3.97996 

3  98000 

3-98oo5 

3.98009 

3-98ol4 

3-98oi9 

3.98023 

9586 

95s7 

9588 

9589 

9590 

9591 

9592 

9593 

9594 

9595 

9596 

9597 

9598 

9599 

9600 

3.98164 
3.98 168 

3  *98 1 73 

3-98i77 

3.98182 

963 1 

9632 
963  3 

9634 

9635 

3.98367 

3.98372 

3  *98  3  76 
3.98381 
3.98385 

9676 

96  77 

9678 

9679 

9680 

3.98570 

3-98574 

3-98579 

3.98583 

3.98588 

3.98186 
3.98191 
3.98 1 95 
3.98200 
3.98205 

9636 

9637 

9638 

9639 

9640 

9641 

9642 

9643 

9644 
9643 

3.98390 

3-98394 

3.98399 

3.98403 

3.98408 

968 1 

9682 

9683 

9684 

9685 

3.98592 

3-98597 

3'986oi 

3.98605 

3-98610 

3.98209 

3.98214 

3.98218 

3.98223 

3.98227 

3.08412 

3-984r7 

3.98421 

3.98426 

3.98430 

9686 

9687 

9688 

9689 

9690 

3.98614 
3.98619 
3.98623 
3  98628 
3.98632 

9556 

9557 

9558 

9559 

9560 

3.98028 

3.08032 

3-98o37 

3-98°4i 

3.98046 

9601 

9602 

9603 

9604 

9605 

3.98232 

3 -98  236 
3.98241 
3.98245 
3.98250 

9646 

9647 

9648 

9649 

9650 

3-98435 

3.98439 

3.98444 

3.98448 

3‘98453 

969' 

9692 

9693 

9694 

9695 

3.98637 

3.98641 

3-98646 

3.98650 

3.98655 

9561 

9;6z 

9563 

9564 

9565 

3.9805c 

3-98o55 

3.98059 

3.98064 

3.98069 

9606 

9607 

9608 

9609 

9610 

3-98254 

3.98259 

3.98263 

3.9S268 

3.98272 

965 1 

9652 

9653 

9654 

9655 

3-98457 

3.98462 

3.98466 

3.98471 

3  98475 

9696 

9697 

9698 

9699 

9700 

3.98659 

3.98664 

3.98668 

3.98673 

3.98677 

9566 

9.5^7 

9568 

9569 

9570 

3.98073 

3-98o78 

3.98082 

3.98087 

3  98o9i 

96H 

9612 

96 1 3 

96 1 4 

9615 

9616 

9617 

9618 

9619 

9620 

3.98277 
3.9828 1 
3.98286 
3.98290 
3.98295 

9656 

9657 

9658 

9659 

9660 

3.98480 

3-98484 
3  98489 

3  98493 
3.98498 

9701 

9702 

97°3 

9704 

9705 

3.98682 

3.98686 

3.98691 

3.98695 

3.98700 

9571 

9572 

9573 

9574 

9575 

3.98096 
3.98 100 
3 .98 1 05 
3.98109 
3.98 1 14 

3.98299 

3.98304 

3.98308 

3-983 1 3 

3.98318 

9661 

9662 

9663 

9664 

9665 

3.98502 

3.98507 

3  *985 1 1 

3  98516 

3.98520 

9706 

9707 

9708 

9709 

9710 

3.98704 

3.93709 

3  *987 1 3 
3.98717 

3.98722 

9576 

9577 
95?8 

9579 

958° 

3.98 118 
3.98 1 23 
3.98127 
3.98132 

3  -98 1 37 

9621 

9622 

9623 

9624 

9625 

3.98322 
3  98327 

3  98  3  3 1 
3.98336 

3  98340 

9666 

9667 

9668 

9669 

9670 

3.98525 

3.98529 

3  98 5 34 
3.98538 

3-98543 

9711 

97 12 

9713 

97 1 4 

97 1 5 

3.98726 

3-9873i 

3-98735 

3.98740 

3.98744 

958' 

9582 

9583 
95S4 

9585 

3.98141 

3.98146 

3.98150 

3.98155 

3-98i59 

9626 

9627 

9628 

9629 
963c 

3  98345 
3-98349 

3-98354 

3.98358 

3.98363 

967  1 
j  9672 

9673 
i  9674 
9675 

3-98547 

3-98552 

3.93556 

l  3.98561 
3.98565 

97 1  ^ 

9717 

9718 

9719 

9720 

3.98749 

3-98753 

3.98758 

3  08762 

1 3-98767 

Ee  4 
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Logar. 

3 -99 1 7 1 

3.99176 

3.991 80 
3,99185 

3  99i89 
9816  3.99193 
99198 

3.99202 
3.99207 

9820  3.9921  I 

9821  3.99216 

9822  3.9922O 

3.99224 
3.99229 

3 -99233 

3  99238 
3 .99242 

3-99247 

3.99251 

3  *99255 

3.99260 
3.99264 
98333.99269 
98343.99273 

9835!  3*99277 


JV. 


9856 

9857 
19858 


Logar. 


3-99370 

3*99-374 

3*99379 


9859  3.99383 

9860  3.99388 


9861 

9862 
0863 
9S64 
9865 


3.99392 

3*99397 

3.99401 

3-99405 

3  994*0 


9866  3.99414 
986713.99419 
9868.3  99423 
9869:3.99427 
987o'3*99432 


987 1  3-99436 

9872  3.99441 

9873j  3  99445 

9874  3  99449 
,9875  3.9945 


9836 

9837 

9838 

9839 

9840 

3.99282 

3  00286  5 
3  99291  is 

3  99295  S 
3.99300  jc 

9841 

9842 

9843 

9844 

9845 

3  99304  c 
3.99308  c 

3*993*3  f 

3*993*7 

3.99322 

9846 

1  9847 

9848 

9849 

9850 

3.99.326 

3-9933° 

3*99335 

3*99339 

3*99344 

9851 

9852 

9853 

9854 

I9855 

3.99348 

3  99352 

3*99357 

3.99361 

3.99366 

■9876  3.99458 
]9877  3*99463 
1 9878j  3  99467 
*9879.3  9947* 
1988013  99476 

3.qoi8o 

3.99484] 

3.99489 


9889 


3*995*5 


9890  3-99520 


98943-99537 
9895!  3  9 954f 
9896  3-99546 
9^97  j3-99  55° 

9898  3-99555 

9899  3-99559 

9900  3.99564 
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N.  \ 

Logar . 

N.  |  Logar.  I 

N. 

995 1 
99  5 2 

9953 

9954 

9955 

9956 

9957 
|9958 

9959 

9960 

Logar. 

3-99787 

3-9979 1 

3-99795 

3.99800 

3.99804 

3.99808 

3.99813 

3.99817 

3.99822 

3.99826 

1 99° 1 1 
9902 

99°3 

99°4 

1 99°  5 

3.99568 

3-99572 

3-99577 

3.99581 

3-99585 

9926  3.99677 
9927:3.99682 
9928  3.99686 
9029'  3  99691 
99  3° 'i  3-99695 

I.9906I 

99°7 

19908 

|99°9 

1 99 1 0 

1 99 1 1 ■ 

1 99 1 2 
j  99 1 3 
99*4 
991s 

3.99590 

3-99594 

3-99599 

3.99603 

3.99607 

993 1 
993  2 
9933! 
9934* 
993  5-i 

3.99699 

3.99704 

3.99708 

3 -997 1 2 
3-9971  7 

3.996;  2 
3.99616 
3.99621 
3.99625 
13-99629 

9936 

9937 

9938 

9939 

9940 

3-99721 

3  99726 

3  9973° 
3-99734 
,3  99739 

996' 

9962 

9963 

9964 

9965 

3.99830 

3-99835 

3-99839 

3.99843 

3.99848 

9916 

1 99 1 7 
9918 

199*9 

I9920 

399634 
3  99638 

3  99642 
3.99647 

3  99651 

994i  j  3  99743 

9942!  3  99747 
9943 1 3*99752 
994413  997 56 

994513  9976o 

I  Q966 

9967 

9968 

9969 

|  997° 

3.99852 

3.99856 

3.99861 

3.99865 

3.99870 

J  99  2 1 
J9922 

I9923 

9924 

|9925 

3.99656 
j  3.99660 
3.99664 
3.99669 

I3.99673 

9946 

9947 

9948 

9949 

9950 

13-99765 

•3.99769 

3-99774 

5.99778 

3.99782 

997 1 

9972 
j  9973 
,9974 
119975 

3.99874 

3.99878 

3.99883 

3.99887 

3.99891 

N. 


9976 

9977 

9978 

9979 

9980 


9981 

9982 

9983 

9984 

9985 


9986 

9987 

9988 

9989 

9990 


999 

999z 

9993 

999 

9995 


9996 

9997 

9998 

9999 


Logar. 


99896 
99900 
.99904 
3.99909 
3  *999 1 3 


3-999!7 

3.99922 

3.99926 

3.99930 

3-99935 


3-99939 

3.99944 

3.99948 

3-9995 
3-99957 


3.99961 

3-99965 

3.99970 

3.9997 

3-99978 


3-99983 

3-99987 

3 -9999 1 
3.99996 
4  00000 


Artificial  SINES,  TANGENTS, 
and  SECANTS,  the  Radius 
10.00000  ;  and  to  every  Degree 
and  Minute  of  the  Quadrant. 


I .  ?j  i 

sm 


; 
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A  Table  of  Artificial  Sines, 

0 

Degree. 

1  Min. 

Sine. 

Tang. 

Secant. 

0 

0.00000 

10.00000 

0.00000 

Infinite. 

10.00000 

Infinite. 

60 

1 

6-46373 

9.99999 

6  46373 

1 3*53627' 

10.00000 

13.53627 

59 

2 

6  76476 

9-99999 

6.7647 1 

13-23524 

10.00000 

13.23524 

58 

3 

6  94085 

9.99999 

6.94085 

i,3  05915 

10.00000 

1 3  *959 1 5 

57 

4!7-o6?79 

9.99999 

7  06579 

12  93421 

io-ooooo 

12.93421 

56 

5 

7  16270 

9  99999 

7.16270 

1 2.83730 

10  00000 

12.83730 

55 

6 

7  24188 

9  99999 

7.24188 

1275812 

10.00000 

12.75812 

54 

7 

7.30882 

9  99999 

7.30883 

1 2.691 1 8 

10.00000 

12.691 18 

53 

8 

7.36682 

9.99999 

7  36682 

12.63318 

10.00000 

12.63318 

52 

9 

7.41797 

9-99999 

7-41797 

1 2.58203 

10.00000 

12.58Z03 

51 

10 

746373 

9  99999 

7  46373 

12  53627 

10.00000 

12.53627 

50 

1 1 

7.505 1 2 

9.99999 

7.50512 

1 2.49488 

10  00000 

1 2.49488 

49 

1 2 

7  54291 

9.99999 

7.54Z91 

12.45709 

10.00000 

12.45709 

48 

*3 

7.57767 

9  99999 

7.57767 

i2-42233 

10.00000 

12.42233 

47 

M- 

7.6098  5 

9  99999 

7.60986 

i2-39OI4 

10.00000 

12  39015 

46 

if 

7.63982 

9.99999 

7.63982 

1 2.3601 8 

10.00000 

1 2.36018 

45 

16 

7.66784 

9.99999 

7.66785 

12.33215 

10.00001 

1233216 

44 

!7 

7  69417 

9  99999 

7.69417 

1 2.30582 

10,00001 

12.30583 

43 

18 

7  71900 

9.99999 

7.71900 

1 2.28 100 

io. 00001 

12.28100 

42 

*9 

7.74248 

9  99999 

7.74248 

12  25752 

10.00001 

12.25752 

11 

20 

7.76475 

9  99999 

7.76476 

12. 23524 

10.00001 

12.23525 

40 

21 

7-7^394 

9.99999 

7- 78595 

I  2.21405 

10.00001 

12.21406 

39 

22 

7.8061 5 

9.99999 

7.80616 

I2.I9385 

I-O.OOOOI 

12.193S5 

38 

2'3 

7.82545 

9.99999 

7.82546 

I2.I7454 

10.00001 

12.17455 

37 

24 

7-84393 

9.99999. 

7-84394 

I  2. 15606 

10.00001 

12. 1 5607 

36 

25 

7.86166 

9-99999 

7.86167 

12  138331 

10.00001 

12.13834 

35 

26 

7.87870 

9.99999 

7.8787 1 

I  2.  I  2  I  29 

10.00001 

12. 1213 1 

34 

27 

7  89509 

9.99999 

7.89510 

I 2.  IO49O 

10.00001 

12.10492 

33 

28 

7.91088 

9.99999 

7  91089 

I  2.0891  I 

10.00001 

12.0891 2 

32 

29 

7.9261 2 

9.99998 

7.92613 

12.07387 

10.00002 

*1  z. 07388 

3i 

30 

7.94084 

9.99998 

7.94086, 

I2.O5914 

10.00002 

12.05916 

30 

1 

Sine. 

Tang. 

Secant. 

C 

• 

89  Degrees . 

[  42 s  1 


4 


Tangents, 

and  Secants. 

o  Degree. 

g 

3 

• 

Sine. 

Tang. 

* 

Secant. 

_ 

30 

7.94084 

9.99998 

7.94086 

1 2  05914 

10.00002 

1 2  05916 

30 

3i 

7.95508 

9.99998 

7.95510 

0 

CN 

■*rf- 

O 

10.00002 

1.2  04492 

29 

A  O  1 

32 

7.96887 

9.99998 

7.96889 

12  03 I I I 

10  00002 

1 2.03 1 13 

Zo  I 

33 

7  98223 

9.99998 

7.98225 

I2.OI775 

10.00002 

12.01777 

27 

34 

7.99520 

999998 

7.99522 

I  2.OO478 

to  00002 

1 2.00480 

26  j 

35 

8.00779 

9.99998 

8  0078 1 

I  1. 992I9 

10.00002 

1 1 .99221 

25 

36 

8.02002 

9.99998 

8.02004 

l  1  97996 

10.00002 

1 1.97998 

24 

37 

8.03 iq2 

9.99998 

8.03195 

I  1 .96806 

10.00003 

1 1 .96808 

23 

38 

8.04350 

9.99997 

8.04353 

1 1  *95647 

10.00003 

1 1 .95650 

22  I 

39 

8.05478 

9  99997 

8.0548 1 

11. 94519 

10.00003 

1 1 .94522 

21  i 

40 

8.06578 

9.99997 

8.0658 1 

1 I-934I9 

10.00003 

1 1.93422 

20 

4i 

8.07650 

9.99997 

8.07653 

11.92347 

10.00003 

1 1.92350 

*9 

42 

8.08697 

9  99997 

8.08700 

1 1 .91300 

10.00003 

11. 91304 

18 

43 

8.09718 

9  99997 

8.09722 

1 1 .90278 

10.00003 

1 1.90282 

44 

8.10717 

9.99996 

8. 10720 

1 1.89280 

10  00004 

1 1  89283 

1 6 1 

45 

8.1 1693 

9.99996 

8.1 1 696 

1 1.88304 

10  00004 

1 1.88307 

*5 

46 

8.12647 

9.99996 

8.1 265  1 

11.87349 

10.00004 

n. 87353 

H 

47 

8.13581 

9.99996 

8.13585 

1 1 .8641 5 

10.00004 

1 1.86419 

13 

48 

8.14495 

9.99996 

8.14500 

1 1 .85500 

10.00004 

1 1.85505 

1 2 

49 

8.15391 

9.99996 

8- 1 5395 

1 1 .84605 

10.00004 

1 1 .84609 

1 1 

5° 

8,16268 

9.9999; 

8.16273 

11.83727 

10.00005 

11.83732 

1° 

51 

8.17128 

9.99995 

8.17133 

1 1  82867 

!  O.OOOO5 

1 1 .82872 

A 

52 

8  * 1 797 1 

9  99995 

8. 17976 

I  1 .8202/. 

IO  OOOO5 

1 1.82029 

8 

53 

8. i87qq 

9 99995 

8.18804 

I  1. 8l 196 

IO.OOOO5 

1 1.8 1 202 

7 

54 

8.19610 

9  99995 

8. 1961 6 

l  I.80384 

IO  OOOO5 

1 1  80390 

61 

55 

8.20407 

9.99994 

8.20413 

H.79587 

10.00006 

1 1  -79593 

5| 

56 

8.21 190 

9.99994 

8.21195 

I  1 .78805 

10.00006 

1 1.7881 1 

4] 

57 

8.21958 

9.99994 

8.21964 

I  I.78036 

10.00006 

1 1.78042 

3 

58 

8.22713 

9  99994 

8.2272c 

I  1,77281 

10.00006 

1 1.77287 

2 

59 

8.23456 

9.99994 

8.23462 

I  I.76538 

10.00006 

11.76544 

1 

60 

8.24186 

9  99993 

8.24192 

I  1 .75808 

0 

0 

0 

0 

6 
♦— « 

11.75815 

0 

Sine. 

Tang. 

Secant. 

• 

G 

vs 

89  Degrees. 

Is 
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A  Table  of  Artificial  Sines, 

i  Degree. 

Min. 

Sine. 

Tang. 

Secant. 

o 

8.24186 

9*99993 

8.24192 

1 1.75808 

10.00007 

n. 75815 

60 

i 

8.24903 

9-99993 

8.24910 

1 1.75090 

10.00007 

1 1.75098 

59 

2 

8.25609 

9-99993 

8.25617 

11.74384 

10.00007 

1 1. 7439 1 

58 

3 

8.26304 

9-99993 

8.26312 

11.73689 

10.00007 

11.73096 

*57 

4 

8.26988 

9*99993 

8.26996 

11.73004 

10.0000  7 

1 1 .7301 2 

5 

8.27661 

9.99992 

8.27669 

11. 72331 

10.00008 

11.72339 

55 

6 

8.28324 

9.99992 

8.28332 

1 1.71668 

10.00008 

1 1.71676 

54 

7 

8.28977 

9.99992 

8.28986 

1 1 .7 1 0 1 4 

10.00008 

1 1. 71023 

53 

8 

8.29621 

9.99992 

8.29629 

1 1-7°37I 

10.00009 

1 1*7°379 

52 

9 

8.30255 

9-99991 

8.30263 

11.69737 

10.00009 

11.69745 

11 

IO 

8.30879 

9-99991 

8.30888 

1 1.691 1 2 

10.00009 

1 1.691 21 

5° 

1 1 

8.3i495 

9.99991 

8.31505 

1 1.68495 

10.00009 

1 1.68505 

49 

12 

8.32103 

9-99991 

8.321 12 

1 1.67888 

10.00010 

1 1.67897 

48 

13 

8.32702 

9.99990 

8.3271 1 

1 1.67289 

10.00010 

1 1.67298 

47 

14 

8.33292 

9.99990 

8-33303 

1 1.66698 

10.00010 

1 1.66708 

46 

1 5 

8.33875 

9  99990 

8.33886 

1 1. 661 14 

10.00010 

1 1.66125 

45 

16 

8.34450 

9.99989 

8.34461 

n.65539 

10.0001 1 

n.65550 

44 

i7 

8.35018 

9.99989 

8.35029 

1 1 .6497 1 

10.0001 1 

1 1.64982 

43 

1 8 

8.35578 

9.99989 

8.35590 

1 1.6441 1 

IC.OOOI  I 

1 1.64422 

42 

l9 

8.36132 

9.99989 

8.36143 

11.63857 

10.00012 

1 1.63869 

11 

20 

8.36678 

9.99988 

8.36689 

11.63311 

10.0001  2 

1 1 .63322 

40 

21 

8.37217 

9.99988 

8.37229 

1 1.62771 

10.00012 

1 1.62783 

39 

22 

8.37750 

999988 

8.37762 

1 1.62238 

10.0001 2 

1 1.62250 

38 

23 

8.38276 

9.99987 

8.38289 

1 1.6171 1 

IO.OOO13 

1 1.61724 

37 

24 

8.38796 

9.99987 

8.38809 

1 1. 61 191 

10.0001 3 

1 1. 6 1 204 

36 

25 

8.39310 

9.99987 

8.39323 

1 1.60677 

10.0001 3 

1 1.60690 

35 

26 

8.398 18 

9.99986 

8.39832 

1 1.60169 

10.00014 

1 1.60182 

34 

27 

8  40320 

9.99986 

8.40334 

1 1.59666 

10.00014 

1 1.59680 

33 

28 

8.40816 

9  99086 

8.40830 

1 1. 59170 

10.00014 

1 1.59184 

32 

29 

8.41307 

9.99985 

8.41321 

1 1.58679 

10.0001 5 

1 1.58693 

3  1 

30 

8.41792 

9  99985 

8.41807 

11.58193 

io.ooox  5 

1 1.58208 

Sine. 

Tang. 

. 

Secant. 

4 

.88  Degrees. 

O 

si 

[  427  3 


Tangents, 

and  Secants. 

I  Degree. 

s 

B 

Sine. 

Tang. 

Secant. 

3° 

8.41792 

9.99985 

8.41807 

1 1.58193 

10,00015 

1 1.58208 

30 

3i 

8.42272 

9.99985 

8.42287 

1 1  *577 1 3 

10.00015 

1 1.57728 

29 

3z 

8.42746m  99984 

8.42762 

n. 57238 

10  00016 

11.57254 

28 

33 

8.43216 

9  99984 

8.43232 

1 1 .56769 

10.00016 

1 1.56784 

27 

34 

8.43680 

9  99984 

8  43696 

11.56304 

10.00016 

1 1.56320 

26 

35 

8-441 39 

999983 

8.44.156 

■ 1 55844 

10.00017 

1 1.55861 

25 

36 

8.44594 

9.99983 

8.4461 1 

u.55389 

10.00017 

11.55  406 

24 

37 

8.45044 

9  99983 

8  45061 

1  *•54939 

10.00017 

u.54956 

23 

38 

8.45489 

9.99982 

8.45507 

11 -54493 

10.00018 

1 1  545  *  1 

22 

39 

8.45930 

9.99982 

8.45948 

1 1 .54052 

10.00018 

1 1.54070 

21 

40 

8.46366 

9.99982 

8  46385 

11.53615 

10.00018 

n. 53634 

20 

4* 

8.46799 

9.9998 1 

8.468 17 

11.53183 

10.00019 

1 1.53202 

*9 

42 

8.47226 

9.99981 

8.47245 

1 1  52755 

10.00019 

n. 52774 

1 3 

43 

8.47650 

9.99981 

8.47669 

1 1  -5  23  3 1 

10.00020 

11.52350 

17 

44 

8.48069 

9.99980 

8.48089 

1 1.5 191 1 

IO. 00020 

1 1  *  5 1 93 1 

16 

45 

8.48485 

9.99980 

8  48505 

1 1  *5 1 495 

10.00020 

ll'5'5'5 

*5 

46 

8. 48  896 

9.99979 

8  48917 

1 1,5 1083 

10.00021 

1 1.51 104 

H 

47 

8.49304 

9.99979 

8.49325 

1 1.50675 

10.0002  I 

1 1.50696 

13 

48 

8.49708 

9.99979 

8.49729 

1 1. 50271 

10.0002 I 

1 1.50292 

12 

49 

8.50108 

9.99978 

8.50130 

1 1 .49870 

10.00022 

1 1  49892 

1 1 

5° 

8.50505 

9.99978 

8.50327 

1 1.49473 

10.00022 

1 1.49496 

IC 

5 1 

8.50897 

9.99977 

8.50920 

1 1.49080 

IO.OOO23. 

1 1-49I°3 

9 

52 

8.5 1 287 

9.99977 

8.513  10 

1 1.48690 

10  00023 

11.48713 

8 

53 

8.51673 

9.99977 

8.5  1 696 

1 1.48304 

IO.OOO24 

11.48327 

7 

54 

8.52055 

9.99976 

8.52079 

1 1. 4792 1 

IO.OOO24 

11.47945 

6 

55 

8.52434 

9.99976 

8.52459 

1 1-4754I 

IO.OOO24 

1 1.47566 

5 

56 

8.52810 

9-99975 

8.52835 

11.47165 

IO.OOO25 

1 1.47190 

4 

57 

8.53183 

9-99975 

8.53208 

1 1.46792 

10  00025 

1 1.46817 

3 

58 

8  •  5  3  5.5  2 

9.99974 

8  53578 

1 1.46422 

10.00026 

1 1.46448 

2 

59 

8-539*9 

9.99974 

^ -5  3945 

1 1 .46055 

10.00026 

1 1.46081 

1 

60 

8.54282 

9-99974 

8.54308 

1 1 .45692 

IO  OGO27 

1 1.45718 

c 

Sine. 

Tang. 

1  Secant. 

d 

88  De 

grees. 

; 


[  428  ] 

•  A  Table  of  Artificial  Sines, 


2  Degrees. 

o 


1  Min. 

Sine. 

Tang. 

Secant. 

o 

8.54282 

9.99974 

8.54308 

1 1.45692 

1 0.00027 

n.45718 

60 

i 

8.54642 

9-99973 

8.54669 

1  1  -45  3  3 1 

10.00027 

11.45358 

59 

2 

8.55000 

9-99973 

8.55027 

11.44973 

10.00027 

1 1. 45001 

58 

3 

8-55354 

9.99972 

8.55382 

1 1.44618 

10.00028 

1 1.44646 

57 

4 

8.557O5 

9.99972 

8-55734 

1 1  44266 

10.00028 

1 1.44295 

56 

5 

8.56054 

9.99971 

8.56083 

1  1  -439 1 7 

10.00029 

11.43946 

55 

6 

8.564OO 

9.99970 

8.56429 

1 1 -43 57 1 

jo. 00029 

1 1.43600 

54 

7 

8.56743 

9.99970 

8.56773 

11.43227 

10.00030 

11.43257 

53 

8 

8.57084 

9-9997° 

8.57114 

1 1.42886 

10.00030 

1 1 .42916 

52 

9 

8.5742I 

9.99969 

8.57452 

1 1 .42548 

10.00030 

1 1  -42579 

IO 

8-S7757 

9.99969 

8.57788 

1 1.422 1 2 

10.0003  1 

1 1.42243 

5° 

1 1 

8.58089 

9.99968 

8.58121 

1 1.41879 

10.00032 

1 1.4191 1 

49 

I  2 

8.58419 

9.99968 

8.5845 1 

1 1-4I549 

10.00032 

1 1.41581 

48 

*3 

8.58747 

9.99968 

8.58779 

1 1.41221 

1 0.00033 

1 1. 41253 

47 

14 

8.59072 

9.99967 

8.59105 

1 1.40895 

to  00033 

1 1 .40928 

46 

*5 

8.59395 

9.99967 

8.59428 

1 1.40572 

1 0.00034 

1 1 .40605 

45 

16 

8*597 1 5 

9.99966 

8-59749 

1 1.4025 1 

1 0  00034 

1 1 .40285 

44 

l7 

8.60035 

9.99966 

8,60068 

u. 39932 

10.00035 

11.39967 

43 

18 

8.60349 

9.99965 

8.60384 

11. 39616 

10.00035 

11.39651 

42 

*9 

8.60662 

9.99965 

8.60698 

1 1.39302 

1 0  00036 

1 1  -39338 

4i 

20 

8.60973 

9.99964 

8.61009 

11.38991 

1 0.00036 

1 1.39027 

40 

21 

8.61 282 

9.99964 

8.61 3 19 

1 1.3868 1 

10.00037 

1 1  3871 8 

39 

22 

8.61 589 

9.99963 

S. 61626 

11.38374 

10.00037 

1 1 .3841 1 

38 

23 

8.61 894 

9.99962 

8.6193 1 

1 1.38069 

1 0.00038 

1 1 .38 106 

37 

24 

8.62 196 

9.99962 

8.62234 

1  1.37766 

10.00038 

1 1.37804 

36 

25 

8.62497 

9  9996' 

8.625  35 

11.37465 

1 0.00039 

11.37504 

35 

26 

8.62795 

9.99960 

8  62834 

1 1 .37166 

1 0.00039 

11.37205 

34 

27 

8.62091 

9.99960 

8.63131 

1 1 .36869 

10.00040 

1 1 .36909 

33 

28 

8.63385 

9.99960 

8.63426 

11.36574 

10.00040 

1 1 .3661 5 

32 

29 

8.63678 

9.99960 

8  63/18 

1 1 .36282 

10.00041 

1 1 .36322 

3i 

30 

8.63968 

9.99959 

8  64009 

1 1-35991 

IO  00041 

1 1 .36032 

30 

Sine. 

Tang. 

Secant. 

a 

87  Degrees. 

§ 

« 


[  429  J 

_  ‘  / 

I 

(  ‘  » 

Tangents,  and  Secants. 


2  Degrees. 


Mm. 

Sine. 

• 

Tang. 

Secant. 

*  ■ 

3° 

8.63968 

9-99959 

8.64009 

11  35991 

10  00041 

I  I  36032 

3c 

8.64256)9.99958 

8.64298 

11  35702 

10.00042 

1 1-35744 

129 

32 

8.64543 

9  99958 

8.64585 

n. 3541 5 

1 0  00043 

1  1 -3 5457 

'28 

33 

8.64827 

9  99957 

8  64870 

11  35130 

10  00043 

11  35173 

27 

34 

8,65 1 10 

9.99956 

8  65154 

1 1  34846 

10  00044 

11.34890 

26 

55 

8.65391 

9.99956 

8.65435 

11  34365 

10  00044 

1134609 

2  5 

36 

8.65670 

9-99955 

8.65715 

1 1.34283 

10.00045 

n.34330 

24 

37 

8.65948 

999955 

8  65995 

1 1 .34007 

10.00045 

n. 34053 

23 

38 

8.66223 

9-99954 

8.66269 

1  1  -3373 1 

10.00046 

1  1  -33777 

22 

39 

8.66497 

9.99954 

8.66543 

1 1  -33457 

10.00047 

n. 33503 

2 1 

40 

8.66769 

9  99953 

8  66816 

11.33184 

10.00047 

n.33231 

20 

4i 

8.67039 

9  9995  2 

8  67087 

1 1  -329 1 3 

10.00048 

x  1  32961 

J9 

42 

8.67308 

9.99952 

8  67356 

11  32644 

10.00048 

1 1  32692 

18 

43 

8.67575 

9  9995 1 

8  67624 

1 1.32376 

10.00049 

11.32425 

17 

44 

8.67841 

9  9995 1 

8.67890 

11  32 1 10 

10  00049 

1 1 .32160 

16 

45 

8.68104 

9.99950 

8.68154 

11  31846 

10.00050 

1 1.31896 

*5 

46 

8.68367 

9.99949 

8  6841 7 

11  31583 

10.0005  1 

11.31634 

1-4 

47 

8.68627 

9  99949 

8.68678 

11.31322 

10.0005 1 

1 1  *3 1 37  3 

13 

48 

8.68886 

9.99948 

8  68938 

1 1 .3 1062 

10  00052 

1 1.3 1 1 14 

1 2 

49 

8.691 44 

9.99948 

8.69 1 60 

1 1 .30804 

10.00053 

11  30857 

1 1 

5° 

8  69400 

9  99947 

8.69453 

11.30547 

10  00053 

1 1 .30600 

10 

5 1 

8.69654 

9  9994-6 

8.69708 

1 1 .30292 

10.00054 

11.30346 

9 

52 

8.69907 

9.99946 

3.69962 

1 1.30038 

10  00054 

1 1 .30093 

8 

53 

8.70159 

9.99945 

8.702 14 

1 1.29786 

10.00055 

1 1.29841 

7 

54 

8.70409 

9.99944 

8.70465 

11.29533 

10.00056 

1 1. 29591 

6 

55 

8.70658 

9.99944 

8’7°714 

1 1 .29286 

10  00056 

1 1.29342 

5 

56 

8.70905 

9-99943 

8  70962 

1 1 .29038 

*— s 

0 

0 

0 

0 

1 1.29095 

4 

57 

8.71151 

9  99942 

8.71  208 

1 1 .28792 

1000058 

1 1  28849 

3 

58 

8.7.395 

9  9954 2 

8-7H53 

1 1 .28547 

IO.OOO58 

1 1.28005 

2 

59 

8.7 1 638 

q. 99941 

8.7  697 

1 1.28303 

IO.OOO59 

1 1.28362 

1 

60 

8.7 1 880 

9.99940 

8.7*  940 

1 1 .28060 

10  00060 

1 1.2812a 

0 

Sine. 

Tang. 

Secant. 

c 

4? 

8  7  Degrees. 


[  43°  ] 


/ 


A  Table  of  Artificial  Sines, 


3  Degrees. 


Tang. 

Secant. 

8.71940 

1 1.28060 

10.00060 

1 1.28120 

60 

8.72181 

1 1.27819 

10.00060 

1 1.27880 

59 

8.72420 

1 1.27580 

10.00061 

1 1.27641 

5s 

8.72659 

1 1. 27341 

10.00063 

11.27403 

57 

8.72896 

1 1. 27104 

10.00063 

1 1.27166 

56 

8.73132 

1 1.26868 

10.00063 

1 1 .2693 1 

55 

8.73366 

1 1.26634 

10.00064 

1 1 .26697 

54 

8.73600 

1 1.26400 

10.00064 

1 1 .26465 

53 

8.73832 

1 1.26168 

10.00065 

11.26233 

52 

8.74063 

11.25937 

10.00066 

1 1 .26003 

5 1 

8.74292 

1 1.25708 

10.00066 

n. 25774 

5° 

8.74521 

n. 25479 

10.00067 

1 1.25546 

49 

8.74748 

1 1.25252 

10.00068 

1 1.25320 

48 

8.74974 

1 1.25026 

10.00069 

1 1.25095 

47 

8  *7  5 1 99 

1 1.24801 

10.00069 

1 1.24870 

46 

8.75423 

11.24577 

10  00070 

1 1.24647 

45 

8.75645 

M. 24355 

►H 

O 

b 

0 

0 

1 1.24425 

44 

8.75867 

11. 24133 

10.0007 1 

1 1.24205 

43 

8.76087 

I  I. 23913 

ic.  00072 

11.23985 

42 

8.76307 

I  I.23694 

10.00073 

1 1.23766 

A.  I 

1 

8.76525 

II.23475 

10.00074 

n. 23549 

4° 

8.76742 

I  I.23258 

10.00074 

11-23333 

39 

8.76958 

I  I.23042 

10.00075 

1 1.23 1 17 

33 

8.77173 

I  I.22827 

10.00076 

1 1.22903 

37 

877387 

l  1 .226  I  3 

10.00077 

1 1.22690 

3^ 

8.77600 

I  I.2240I 

10.00077 

1 1.22478 

35 

8.7781 1 

I  I.22189 

10.00078 

1 1.22267 

34 

8.78022 

I  I.21978 

10.00079 

1 1.22057 

33 

8.78232 

I  I.21768 

10.00080 

1 1.21848 

32 

8.78441 

I  1. 21559 

10.00080 

I  1 .2 1640 

3 1 

8.78649 

II  2135I 

10.0008 1 

*-< 

b 

»— « 

!  00 

1  oj 

IS 

Tang. 

Secant. 

d 

86  Degrees. 

■ 


[  43 1  ] 


1 

Tangents, 

and  Secants. 

3  Degrees. 

\ 

g 

3 

Sine. 

Tang. 

Secant. 

30 

8.78568 

9  99919 

8.78649 

n.21351 

10.00081 

I  I. 21433 

30 

3i 

8.78774 

9.99918 

8.78855 

1 1 . 2 1 1 45 

10.00082 

I  1 .2  I  226 

29 

32 

8.78979 

999917 

8.79061 

n.20939 

10.00083 

I  1 . 2 1 02 I 

28 

!  33 

8-79i83 

9.99917 

8.79266 

1 1 . 20734 

10.00083 

I  1 .20817 

27 

34 

8.79386 

999916 

8.79470 

1 1 .20530 

ro.  00084 

I  1 .20614 

26 

33 

8  79588 

9  999 1 5 

8.79673 

1 1.20327 

10.00085 

I  1 .2O4I 2 

'y  r* 

36 

8.79789 

9-999*4 

8.79S75 

1 1. 20125 

10.00086 

I  1 .2021 I 

24 

37 

8.79990 

9*999 1 3 

8.80076 

1 1. 1 9924 

10  00087 

I  1 .20010 

23 

38 

8.801 89 

9  999 1 3 

8.80277 

11. 19724 

10.00087 

I  1.1981  I 

22 

39 

8.80388 

9  999*2 

8.80476 

11. 19524 

10.00088 

I  I.I961  2 

2  I 

40 

8.80585 

9.9991 1 

8.80674 

1 1.19326 

10.00089 

I I .19415 

20 

41 

8.80782 

9.99910 

8.80872 

11.19128 

10.00090 

I  I.I9218 

*9 

42 

8.80978 

9  999°9 

8.8 1068 

1 1 .18932 

10.00091 

I  I. I9O22 

18 

43 

8-8 1 173 

9  99909 

8.8 1 264 

1 1.18736 

10.00091 

I  1 . 18827 

l7 

1  44 

8 .8  r  367 

9.99908 

8  81459 

1 1.18541 

10  00092 

!  I . I 8633 

16 

45 

8.8 1560 

9.99907 

8.81653 

11.18347 

10  00094 

l  I . I 8440 

!5 

46 

8.81752 

9.99906 

8.8 1846 

1 1.18154 

TO. OOO94 

I  I.  18248 

J4 

!  47 

8.8 1944 

9.99905 

8.82038 

1 1.17962 

IO  OOO95 

I  1. 1  8056 

*3 

48 

8.82134 

9.99904 

8.82230 

11. 17770 

IO.OOO96 

I  I.I7866 

1 2 

49 

8  82324 

9  99904 

8.8242 1 

1 1.17580 

IO  OCO96 

I  1. 17676 

1 1 

30 

8.82513 

9.99903 

8.82610 

1 1. 17390 

IO  OOO97 

I  I.17487 

10 

S1 

8.82701 

9.99902 

8.82799 

1 1.17201 

IO.OOO98 

I  I  .17299 

9 

i  5Z 

8.82888 

9  999° 1 

8.82987 

!  I  -  I  70  I  3 

IO.OOO99 

I  1.1  71  I  2 

8 

!  S3 

8.83075 

g. 99900 

8.83175 

I  I  . I 6825 

10.00100 

I  I.16925 

7 

S4 

8.83261 

9  99**99 

8.83361 

III  6639 

IO.OOIOI 

II.16739 

6 

55 

8.83  446 

9  99898 

8.83547 

II.16453 

10.00102 

I  I.16554 

5 

S6 

8  83650 

9.99898 

8.83732 

I  I.16268 

10.00102 

I  I.16370 

4 

i  57 

8.838 1 3 

9.99897 

8.83916 

I  I.16084 

10.00103 

I  I.16187 

3 

58 

8.83996 

999896 

8.S4100 

III  5900 

I  O.OOIO4 

f  I . I 6004 

2 

59 

8.84177 

9.9989,- 

‘8.84282 

II.I57l8 

IO.OOIO5 

I  I.I5823 

1 

60 

8  84358  9  998.94 

8.84464 

I  1.1  5536 

IOOOIO6 

I  I .  I 5642 

c 

! 

Sine. 

T.ang.  ! 

Secant. 

r-i 

! 

•  ♦ 

86  Degrees 

O 

<5  f 
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A  Table  of  Artificial  Sines; 

4  Degrees. 

1  Min. 

Sine. 

Tang. 

Secant. 

'  V 

c 

1 

2 

3 

4 

8.84358 

8.84539 

8.84718 

8.84897 

S  85075 

9.99894 

9.99893 

9.99892 

9.99891 

9.99891 

3.84464 

8.84646 

8.84826 

8.85006 

8.85185 

1 1.15536 
11.15355 

1 1.15174 

1 1 .1 4994 
11  14815 

0.00106 
[0.00 1 07 
0.00108 
to. 00109 
0.001 10 

1 1 .1 5642 

1 1 .1 5461 

1 1 . 15282 

1 1. 15  103 

!  I  .  I 4925 

60 

59 

58 

57 

56 

55 

54 

53 

52 

£! 

5 

6 

/ 

8 

9 

8.85252 

8.85429 

8.85605 

8.85780 

8.85995 

9.99890 

9.99889 

9.99888 

9.99887 

9.99886 

8.85363 

8.85540 

8-85717 

8.85893 

8.86069 

1 1.14637 

1 1 . 1 4460 

1 1 . 1 4283 

1 1. 1 4107 

1 1.13931 

10.001 10 

10.001 1 1 

10.001 1 2 
10.001 1  3 
10  001 1 4 

I  I.14748 
II.I457I 

1  1  * 1 4395 

1 1.14220 

1 1 .14055 

10 

1 1 

I  2 

*3 

14 

8.86128 
8.86301 
8.86474 
8.86645 
8.868 17 

9.99885 

9  99884 
9.99883 

'19.99882 

!o.qo88  1 

8.86243 

8.86417 

8.86591 

8.86763 

8.86935 

1 1  • 1 375  7 

1 1  • 1  3  5  83 

1 1. 134°9 

1 1.13237 

1 1 . 1 3065 

10.001 15 
10.001 16 
10.001 17 
10.001 18 
10.001 19 

1 1. 1 3872 

1 1.13699 

1 1.13526 

1 1  • 1 3  3  5  5 

1 1. 1 3 184 

5° 

49 

48- 

47 

46 

45 

44” 

43 

42 

4i 

40 

39 

38 

37 

36 

1 1. 1 2894 

1 1. 1 2723 
11. 12553 

1 1. 1 2384 

1 1. 1 2215 

10.001  20 

10.001  2 1 

10.001 22 

1 0.001 22 
10.001 23 

1 1. 1 3013 

1 1 .1 2844 
1 1 .1 2675 
1 1. 1  2506 
ii-12339 

15 

16 

17 

18 

19 

8.86987  (9.99880 
8.87157  19.99880 
3.87326:9.99879 
8.87494:9.09878 
8.87662I9. 99877 

8.87106 

8.87277 

8.87447 

8.87616 

8.87785 

20 

21 

22 

23 

24 

25 

26 

27 

28 

2C 

y 

3^ 

8  87829 {9.99876 
8.8799519-99875 
8.88161 19.99874 
8.8832619.99873 
8.8849059.99872 

8.87953 
8.88 1 20 
8.88287 
8.88453 
8.88619 

!  1 1. 1 2047 

1 1 1. 1 1880 
u.11713 

1 1 - 1 1 5  47 
1 1. 1 1382 

10.001  2/. 
10  00125 
I  0.00  i  26 
10.001  27 

[0.001  28 

1 1 .1 2172 
1 1 . 1 2005 
1 1. 1 1839 
1 1. 1 1674 
1 1 1 . 1 1 5  1  c 

8.88654,999871 
8.88817  {9.9987c 
8  88980*9.99869 
8.89142:9.99868 
8  89304I9. 99867 
)  8.80464!  9.9986* 

8.88783 
8.8894s 
8.891 1 1 
i  8.8927/ 
8  89435 
8.8959S 

1 1 . 1 1 2 1 7 
1 1. 1 1052 
1 1 .10889 
(.  1 1.10726 
11.10563 
]  11.10402 

1 0  001 29 
I  0.00  <  3c 
10.001 3 1 
I  0.001  32 
10.001 33 
10. 001 3^ 

!  1 1. 1 1346 
*11.11183 

I  I  .1  IOZC 

1 1 .1085s 
1 1.10695 
1- 11-1053* 

35 

34 

33 

32 

3i 

)  30 

!  Sine. 

Tang. 

j  Secant. 

d 

§ 

i  8  c  Degrees. 

% 
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Tangents, 

and  Secants. 

4  Degrees. 

1  'U11AI  I 

Sine. 

Tang. 

Secant. 

30 

3.89464 

9.99866 

8.89598 

1 1 .10402 

10.001 34 

1 1.10536 

30 

3 1 

8.89625  -9.99865 

8.89760 

1 1 .10240 

10.001  35 

1 1 .10375 

29 

32 

8.8978419.99864 

8  89920 

1 1. 10080 

10.001 36 

1 1 .10216 

28 

3.3 

8  89943  9-99863 

8.90080 

1 1  09920 

lo.ooi  37 

1 1 .10057 

27 

34 

8  90102 

q. 99862 

8.90240 

1 1 .09760 

10.001 38 

1 1 .09898 

26 

33 

8.90260 

9  99861 

8.90399 

1 1 .09601 

10.001 39 

1 1 .09740 

25 

3^ 

8.9041719-99860 

8.9°557 

n.09443 

10  00140 

1 1.09583 

24 

37 

8  90574  9.99859 

8.9O7  I  5 

1 1 .09285 

10.00141 

1 1 .09426 

23 

38 

3  90730,9  99858 

8.90872 

1 1 .09 1 28 

10.00142 

1 1 .09270 

22 

39 

8,9088519  99857 

8.9IO29 

1 1 .08972 

1 0  00 1 43 

1 1 .09 1 1 5 

21 

40 

8.91040 

9.99856 

8  91185 

1 1 .0881 5 

10.00144 

1 1 .08960 

20 

4! 

8.9119;  9.9985; 

8.9134° 

1 1 .08660 

10.00145 

1 1 .08805 

*9 

42 

8.91349 

9.99854 

8-9*495 

1 1 .08505 

10.00146 

1 1 .0865 1 

18 

43 

8.qi  502 

999853 

8.91650 

1 1.08351 

10.00147 

1 1.08498 

*7 

44 

8.91655 

9.99852 

8.91803 

1 1.08197 

1 0  00 1 48 

!  I  08345 

1 6 

45 

8.9  1807 

999851. 

8.91957 

1 1  08043 

10.00149 

1 1.08 193 

*5 

46 

8  9 1 95 9 

9.99850 

8.921 10 

1 1 .07890 

1 0.001 5  1 

1 1.08041 

*4 

47 

8.92 1 10 

9.99849 j 8  92262 

n. 07738^ 

10.00152 

1 1.07890 

*3 

48 

8  92261 

9.99847S8.92414 

1 1 .07586 

10.00553 

n. 07739 

1 2 

49 

8.9241 1 

9.99846 

8.92565 

11  07435 

10  00154 

I  T .07589 

1 1 

5° 

8.92561 

9.99845 

8  92716 

1 1 .07285 

10  00155 

n. 07439 

10 

5i 

8.927 10 

9.99844 

8.92866 

1 1.07134 

10.001 36 

I  I.O729O 

9 

52 

8  92859 

9.99843 

8.93016 

1 1 .06985 

10  00157 

I  I  .O714I 

8 

53 

8.93007 

9.99842 

8.93165 

1 1 .06835 

10  001 58 

I  l  .06993 

7 

54 

8.93154 

9.99841 

8-933*3 

1 1 .06687 

10.001 59 

I  I  06846 

6 

5518-93302 

9.99840 

8.93462 

1  1.06538 

10.00 1 60 

I  I.06699 

5 

56 

8  93448 

9.99839 

8.93609 

1 1 .06391 

10.001 61 

I  I  .06552 

4 

57 

8.93594 

9.99838 

8-93757 

1 1 .06244 

10.001 62 

I  I  06406 

3 

58 

8.93740 

9.99837 

8.93903 

1 1 .06097 

10.00163 

I  I  .06260 

2 

59 

8.93885 

9.99836 

8.94049 

1 1.0595  1 

10.00165 

I  I  .o6f  I-5 

1 

6oj  8.94030 

9.99834 

8.94193 

1  1 .05805 

10.00166 

I  KO597O 

0 

1  Sine. 

Tang. 

Secant. 

c 

0  w* 

85  Degrees. 

Ff  3 
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A  Table  of  Artificial  Sines, 


5  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

o 

8.94030 

9.99834 

8.94195 

I  1 .05805 

10.00166 

1 1 .05970 

60. 

i 

8.94174 

9-99833 

8  94340 

1 1.05660 

10.001 67 

1 1  05826 

59 

2 

8  94317 

9.99832 

8.94485 

11.05515 

10.00168 

1 1.05683 

58 

3 

8.94461 

9.99831 

8.94630 

11.05371 

10. 00169 

» 1.05539 

57 

4 

8.94603 

9.99830 

8  94773 

1 1  05227 

10-00170 

11  05397 

56 

5 

8.94746 

9  99s 29 

8 -949 1 7 

r  1 .05083 

10  00171 

1 1 .05254 

55 

6 

8  94887 

9  99828 

8.95060 

11.04949 

10.00172 

n.05113 

54 

7 

8.Qt;02Q 

9.99827 

8.95202 

1 1 .04790 

10.00173 

1 1 .0497 1 

53 

8 

8.0s  ^  70 

9.99826 

8-95344 

1  (.04656 

10.001 75 

1 1 .04830 

52 

9 

8.953  10 

9.99824 

8.95486 

1 1  04514 

10  00176 

1 1 .04690 

51 

*  I  o 

8.9545° 

9.99823 

8.95627 

11.04373 

10.001 77 

1 1 .04550 

50 

1 1 

8.95590 

9.99822 

8.95767 

1 1.04233 

10  00178 

1 1 .0441 1 

49 

I  2 

8.95728 

9.99821 

8.95908 

11.04093 

10.00179 

1 1.04272 

48 

1 3 

8.95867 

9.99820 

8.96047 

1 1.03953 

10.00180 

1 1. 04133 

47 

14 

8  9&005 

9.99819 

8.961  89 

1 1 .038  13 

10.001 8  t 

1 1  03995 

46 

15 

8.96143 

9.998 1 7 

8  96325 

11.03675 

10.001 83 

1 1.03857 

45 

16 

8.96280 

9.998 16 

8.96464 

11  03536 

io.oai84 

1 1  03720 

44 

17 

8.06417 

9-998i5 

8.06602 

y 

1 1.03398 

10.00185 

11.03583 

43 

18 

8.96553 

9.998 1 4 

8  96739 

1 1  03261 

10,00186 

u. 03  447 

42 

l9 

8.96689 

9-998i3 

8.96877 

1 1 .03 1 23 

10.001 87 

II.033U 

11 

20 

8.96825 

9.998 1 2 

8  97OI3 

1 1.02987 

10.00188 

II. 03175 

40 

21 

8.96960 

9.998 10 

8  97150 

1 1.02850 

10.001 90 

1 1 .03040 

39 

22 

8.97095 

9.99809 

8.97286 

1 1. 02715 

10.001 91 

1 1 .02905 

38 

23 

8.97229 

9.99808 

8.97421 

1 1.02579 

10.00192 

•I  1 .02 77  I 

37 

24 

8.97363 

9.99807 

8.97556 

1 1 .02444 

10.001 93 

I  I  O2637 

36 

25 

8.97496 

9.99806 

8.97691 

1 1 .02309 

10.00194 

1  l  .02404 

35 

26 

8.07629 

9.99804 

8  97825 

1 1 .02175 

10,00196 

I  I  O2371 

34 

27 

8  97762 

9 .99803 

8.97959 

1 1 .02041 

10.00197 

i  I  .02238 

33 

28 

8.97894 

9.99802 

8  98092 

1 1 .01908 

10.00198 

1  1.02  I06 

32 

29 

8.98026 

9.99801 

8.98225 

1 1 .01775 

10.00199 

I  I. OI974 

3i 

3° 

8.98157 

9.99800 

8. 98358 

1 1 .01642 

10.00200 

n.01843 

30 

Sine. 

Tang 

1  Secant. 

a 

•  — 1 

* 

7  ' 

84  Degrees. 

2 
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« 

< 

Tangents, 

and  Secants. 

5  Degrees. 

§ 

3 

3° 

31 

32 

n 

33 

34 

35 

36 

37 

38 

39 

Sine. 

Tang. 

Secant. 

8.98157 

8.98288 

8.98419 

8-98549 

8.98679 

9  99800 
9.99798 
9.99797 

9  99796 
9  99795 

9.99794 

9.99792 

9-99791 

9.99790 

9  99789 

8  98358 
8.98490 
8.98622 
8.98753 
8.98884 

1 1.01642 
1 1 .01 5 10 
1 1.01378 
1 1. 01247 
1 1. 01 1 16 

10  00200 

10.00202 

10  00203 
10.00204 
10.00205 

I  I  .01843 

I  I.OI7I2 
I  I.OI581 
I  I  OI45 I 
I  I.OI32I 

30 

29 

28 

27 

26 

8  98808 
8.98937 
8.99066 

8-99I94 

8.99322 

8.9901 5 

8  99 1 45 
8.99275 
8  99405 
8.99534 

1 1.00985 
{ 1 .00855 

1 1 .00725 
1 1 .00596 

1 1 .00466 

1 1 .00338 

1 1 .00209 
1 1.0008 1 

IO-99954 
1 0.99826 

10.00207 

10.00208 

10.00209 

10.00210 

10.0021 2 

I  I  .OI  I92 
I  I  .OI063 
II.OO934 
1  I  .OO806 
I  I  00678 

25 

24 

23 

22 

2 1 

10.002 13 
ro.  00214 
10.00215 
10  00217 

1 0.002 18 

I  I.OO55O 
I  I  .OO423 

I  I  .OO296 
1  I  .OOI70 
I  I  .OOO44 

20 

19 

18 

17 

16 

40 

41 

42 

43 

44 

8  9945° 
8.99577 
8.99704 
8.99830 
8.99956 

9.99787 

9.99786 

9.99785 

9.99784 

9.99782 

8.99662 
8.99791 
8.99919 
9.00047 
9  00174 

45 

46 

47 

48 

49 

9.00082  ‘9.99781 
9.00207  19.99780 
9.00332  59. 99778 
9.00456:9.997  77 
0.00581 19.09776 

9.00301 

9.00427 

9.00553 

9.00679 

9.00805 

10  99699 
10  99573 
10.99447 
10.99321 
10.99195 

10.00220 

10.00221 

IO  00222 

I  0.00223 

I  O.OO224 

IO.99918 

10.99793 

IO.99668 

10.99544 

10.99420 

*5 

M 

*3 

12 

1 1 

5° 

5 1 

52 

53 

54 

55 

56 

57 

58 

59 

60 

9.00704 
9.00828 
9.0095 1 
9.01074 
9.01 196 

9-99775 

9  99773 
9,99772 

9-9977 1 
9.99769 

9  99768 
9.99767 
9.99765 
9.99764 
9.99763 
9.99761 

0,00930 
9.01055 
9  01 179 
9.01303 
9.01427 

10.99070 

10.98945 

1 0.9882 1 
10.98697 
10.98573 

10.00226 

10.00227 

10.00228 

I  0.00229 
IO.CC23  I 

IO.99296 
IO  99172 

[  O.99O49 

I  O  9S926 
IO. 98804 

10 

9 

8 

7 

6 

9.01550 
9.01673 
9.01796 
9.01918 
9  02040 
9.02162 

10.98450 
10  98327 
f  0.98204 
10  98082 
10.97960 
10.97838 

10.00232 

I  O  00233 
10.00235 
IO.OO236 
10.00237 
10.00239 

10.98682 
10.98560 
10.98439 
10.983 18 
10.98197 
10  98077 

5 

4 

3 

2 

1 

0 

Q. 013  l8 

9.01440 
9.01 561 
9.01682 
9.01803 
9.01923 

Sine,  i 

Tang. 

1 

Secant. 

S3 

§ 

84  Degrees. 

Ff  4 
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A  Table  of  Artificial  Sines, 

- 

,  6  Degrees. 

2 
*—  • 

P 

Sine. 

Tang. 

Secant. 

o 

9  01924 

9.99761 

9.02162 

10  97838 

10  00239 

1  O  98077 

60 

I 

9.02044 

9.99760 

9.02283 

1  o*977 1 7 

10  00240 

IO97957 

59 

2 

9. 02163 

9  99 759 

9.02404 

1  °*97596 

10.00241 

10  97837 

58 

3 

9  02283 

9  99757 

9.02525 

1097475 

10.00243 

10  97718 

57 

4 

9.02402 

9  99756 

9  02646 

IO  97355 

10.00244 

1097598 

56 

5 

9.02520 

9-99755 

9.02766 

1  °-9723  5 

10.00245 

10.97480 

55 

6 

9. 02639 

9  99753 

9  02885 

10  97 1 1 5 

10.00247 

1 0  9736 1 

54 

7 

9.02757 

9.99752 

9.03005 

10  96995 

10.00248 

IO-97243 

53 

8 

9  02874 

9  9975 1 

9  03124 

10  96876 

!  O  OO249 

10.97126 

52 

9 

9. 02992 

9.99749 

9.03243 

10.96758 

IO.OO25  1 

10  97008 

5 1 

IO 

9  °3109 

9  99748 

9.03361 

1 0.96639 

IO.OO252 

10.96891 

5° 

r  i 

9.03226 

9-99747 

9.03479 

10.9652 1 

IO.OO253 

10.96774 

49 

I  2 

9.03342 

9-99745 

9-°3597 

10.96403 

IO.OO255 

10.96658 

48 

13 

9  °3458 

9.99744 

9.03714 

10.96286 

I  O.OO256 

10.96542 

47 

I4 

9-°3574 

9-99743 

9  03832 

10  96168 

IO.OO258 

10.96426 

46 

*5 

9.03690 

9  9974i 

9  °3949 

1 0.96052 

10.00259 

1 0.963 10 

45 

16 

9  °3^°5 

9.99740 

9.04065 

1 0  95935 

10.00260 

io.q6iq5 

44 

17 

9.0392° 

9.99738 

9  04181 

10  95819 

IO.OO262 

10.96080 

43 

18 

9  °4°34 

9  99737 

9.04297 

10  95703 

IO.OO263 

10.95966 

42 

12 

9.04149 

9.99736 

9.04413 

10  95587 

IO.OO265 

10.95852 

4i 

20 

9.04263 

9-99734 

9.04528 

10.95472 

10.00266 

1  °-95  738 

40 

21 

9.04376 

9  99733 

9.04643 

1095357 

IO.OO267 

10.95624 

39 

22 

9.04490 

9-9973 1 

9  04758 

10  95242 

10  00269 

10.955 1 1 

38 

23 

9.04603 

9.99730 

9.04873 

10.95 1 27 

IO.OO27O 

10.95397 

37 

24 

9  04715 

9.99729 

9.04987 

10  95013 

IO.OO272 

10  95285 

36 

25 

9.04828 

9.99727 

9.05 101 

10  94899 

IO.OO273 

10.95 172 

35 

26 

9  04940 

9.99726 

9.05214 

10,94786 

I  O.OO274 

10.95060 

34 

27 

9.05052 

9.99724 

9.05328 

10.94672 

IO.OO276 

10  94948 

33 

28 

9.05 1 64 

9.99723 

9.05441 

10.94559 

IO.OO277 

10.94837 

32 

29 

9.05275 

9.99721 

9.05554 

IO-94447 

I  O.OO279 

10.94725 

3i 

3° 

9.05386 

9.99720 

9.05666 

10.94334 

10.00280 

r  0.946 14 

30 

Sine. 

Tang. 

Secant. 

c 

85  Degrees. 

T 
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Tangents, 

and  Secants. 

1 

6  Degrees. 

- 

s 
**  • 

3 

Sine. 

Tang. 

Secant. 

3° 

9.05386 

9.99720 

9.05666 

10.94334 

10.00280 

10.94614 

30 

3 1 

9.05497 

9  99719  :9  °5778 

10.94222 

ic. 00282 

1094503 

29 

32 

g.  05607 

9  9971 7 ,9  0589° 

10  941 10 

1 0.00283 

JO-94393 

28 

33 

9*°57I7 

9  99716  ;9  06002 

1093998 

10,00284 

10.94284 

27 

34 

9.05827 

9  997I4*9  °61 1 3 

10.93887 

ro. 00286 

10.94173 

26 

35 

9  °5937 

9  99713  ;9-o6224 

10.93776 

10.00287 

10.94063 

25 

36 

9.06046 

9.997H  |9  06335 

10.93665 

10.00289 

10.93954 

2l 

37 

9.06155 

9-9971019  06445 

1  °*93  555 

10  00290 

‘0.93845 

23 

38 

9  06264 

9.99708  9  06556 

10.93444 

10.00292 

10.93736 

22 

39 

9.06372 

9.99707 

9.06666 

10.93335 

10  00293 

10.93628 

2  l 

40 

9.06481 

9.99705:9.06775 

10.93225 

1 0.00295 

1  °-93  5*9 

20 

4i 

9.06589 

9.99704*9.06885 

1093115 

10.00296 

10  93412 

l9 

42 

9  06696 

9.9970219  06994 

1 0.93006 

10.00298 

10.93304 

I  8 

43 

9  06804 

9  99701  |9-°7I03 

1 0.92897 

10.00299 

10931 96 

‘7 
»  a 

44 

9.069; 1 

9.99699(9  0721 1 

10.92789 

10  00301 

!  O.93089 

1 0 

45 

9  0701 8 

9.99698 19. 07320 

10.92680 

10.00302 

IO.92982 

1 5 

46 

9.071 24 

9  99696  9  07428 

10.92572 

10.00304 

IO.92876 

I  L 

47 

9-°723 1 

9  99695 

9  °753° 

10  92464 

10.00305 

IO.92769 

‘3 

48 

9  °733 7 

9.99693 

9.07643 

10  92357 

1 0  00307 

10,92663 

1  2 

49 

9  °7442 

9.99692 

9-°775  1 

10.92245 

10.00308 

IO.92558 

1 1 

5° 

9  07548 

9.99690 

9.07858 

1 0  92 1 42 

10.00310 

IO  92452 

1 0 

51 

9.07653 

9  99689 

9.07964 

10.92036 

10.003 1 1 

IO.92347 

9 

O 

5Z 

9  07758 

9  99687 

9  08071 

10  91929 

1 0.003 1 3 

IO.92242 

0 

53 

9.07863 

9.99686 

9  08 1 77 

1091 823 

10.003 !  4 

IO.92I37 

7 

54 

9.07968 

9.99684 

9.08283 

jo. 91717 

10.003 1 6 

10  92032 

6 

j 

55 

9.08072 

9  99683 

9.08389 

1091611 

10  003 1 7 

IO.9I  928 

5 

56 

9.081 76 

9.99681 

9.084.95 

10.91 505 

10.003 19 

IO.9I  824 

4 

57 

9.08280 

9  99680 

9.08600 

10.91400 

10,00320 

IO  9172O 

3 

58 

9.08383 

9  99678 

9.08705 

10.91  295 

10  003  22 

10  91617 

2 

59 

9.08486 

9.99677 

9  08810 

10.91 190 

10.00323 

10.91  514 

i 

60 

9.08589 

999675 

9  08914 

1 10.91086 

ic.00325 

1 0. 9 1 4 1  1 

0 

Sine. 

1  Tang. 

Secant. 

d 

83  Degrees. 

1^ 

■  . . . . 

[  433  ] 


A  Table  of  Artificial  Sines, 


7  Degrees. 

:  S 

t  • 

;  s 

Sine. 

Tang. 

\ 

Secant. 

o 

9.08589 

9.99675 

9.0891 4 

10.91086 

10.00325 

10.9141 1 

60 

i 

9.08692 

9  99674 

9.09019 

jo. 90981 

10.00327 

10.91 308 

59 

2 

9  °3795 

9  99672 

9  °9T 23 

10.90877 

10.00328 

10.91 205 

58 

3 

9.08897 

9  9967° 

9.09227 

IO-9°773 

'10.00330 

10.91 103 

57 

4 

908999 

9.99669 

9.09330 

1 0  90670 

10  00331 

10.91001 

56 

— 

5 

9.09 1 01 

9  99667 

9.09434 

10.90566 

10.00333 

10.90899 

55 

6 

9  00202 

9  99666 

9.09537 

10  90463 

10.00334 

10  90798 

54 

7 

9.09304 

9,99664 

9,09640 

10.90360 

10.00336 

10.90696 

53 

8 

9  09405 

9.99663 

9  09740 

10  90258 

10.00338 

10  90595 

S2 

Q 

g  09506 

9  99661 

9,09845 

10  90155 

10.00339 

10  90494 

il 

lO 

9.09606 

9  99659 19*°9947 

10.90053 

10  00341 

10.90394 

5  O' 

n 

9,09707 

9.99658 

9  10049 

10.8995 1 

10.00342 

10.90294 

49 

I  2 

9  09807 

9.99656 

9.101 50 

10.89850 

10  00344 

10  90193 

48 

13 

9.09907 

9  9965.5 

9. 10252 

10.89748  jio  00345 

10.9C094 

47 

14 

9. 10006 

9-99653 

9  10353 

10  <89647110.00347 

10  89994 

46 

1  5 

9101 06 

9  99651 

9.10454 

10  89546 

10.00349 

10  89894 

45 

16 

Q. 10205 

9.99650 

9-io555 

10  89445 

1 0.00350 

■0  89795 

44 

9.IO3O4 

9.99648 

9.10656 

10.89344  10.00352 

1 0.89696 

43 

1 8 

9  IO4O3 

9.99647 

9.10756 

1 0.89244 

1 0.00353 

10.89598 

42 

IQ 

9.IO5OI 

9.99644 

9  10856 

0 

CO 

l^o 

i-N 

1 

0 

0 

0 

^  l 

-0 

1 0.89499 

11 

20 

9  I  os QG 

9.99643 

9.10956 

10.89044 

10.00357 

1 0.89401 

40 

2  i 

9.10697 

9.99642 

9. 1 1056 

10.88944 

10.003  58 

10.89303 

39 

22 

9‘IC79s 

9.99640 

9  • 1 1 1 5  5 

10.88845  110.00360 

1 0.89205 

38 

23 

9  10893 

9.99638 

9.1 1254 

10.88740 

10.00362 

10  89107 

37 

24 

9  10990 

9.99637 

9  1 1 3  5  3 

I  0  88647 

10  00363 

10.8901 c 

36 

23 

9.1 1087 

9.99635 

9  11452 

10.88548 

10  00365 

10  88913 

35 

26 

9. 1 1 1 84 

9.99634 

9.11551 

10.88449 

10.00367 

10.888 16 

34 

27  LQ.  II28l 

9.99632 

91 1649 

1 0.8835  1 

10.00368 

10.88719 

33 

28 

9  1 1 377 

9  99630 

9  1 1 747 

10.88253 

10.00370 

10.88623 

32 

2Q 

9-11474 

9.99629 

9.11845 

1088155 

10.00372 

10  88526 

3i 

3°V  J  IC70 

9  99627 

9. 1 1943 

ic  88057 

10.00373 

10.88430 

3° 

r 

Sine. 

Tang. 

Secant. 

• 

82  Degrees. 

2 
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Tangents, 

and  Secants. 

.  ...  ...  .  . 

■  ^  1 

7  Degrees.  i 

1  Min. 

Sine. 

Tang. 

Secant. 

»- 

3° 

9.1 1570 

9.99627 

91 1 943 

10.88057 

10.00373 

1 0  88430 

30 

3 1 

9. 1 1666 

9.99625 

9.1 2040 

10. 87960 

1 0  00375 

10.88334 

29 

32 

9.1 1 761 

9.99624 

9.12138 

10.87862 

10  00377 

10  88239 

28 

33 

9.11857 

9  99622 

9  12235 

10  87765 

10.00378 

10.88143 

27 

34 

9.1 1952 

9.99620 

9.12332 

10.87668 

10  00380 

1 0.88048 

26 

35 

9  12047 

9  996i9 

9.1 2428 

10  87572 

10  00382 

10.87953 

2? 

36 

9. 1 2142 

9.99617 

9. 1 2525 

10.87475 

10  00383 

10  87858 

24 

37 

9  12216 

9-S96'5 

9.12620 

10.87379 

10  00385 

io  87764 

23 

38 

9*!  233  ‘ 

9  99613 

9  12717 

10  87283 

10.00387 

10.87669 

22 

39 

9.12425 

9.9961 2 

9  1 28 1 3 

10.871 87 

10  0*0388 

10  87575 

2 1 

40 

Q.I  25  IQ 

9.99610 

9. 1 2909 

10  87091 

10  00390 

10  87481 

20 

41 

9  I 26 i 2 

9.99608 

9.13004 

10  86996 

10.00392 

10  87388 

l9 

42 

9.I  2706 

9.99607 

9  13099 

10  86901 

10.00393 

10-87295 

18 

43 

9- 1 2799 

9  99605 

9  13*94 

10  86806 

10  00395 

10.87201 

*7 

44 

9  1 2893 

9  99603 

9  1 3 289 

10.8671  r 

10  00397 

10.87 108 

16 

45 

9.1 2985 

9  99602 

9.13384 

10. 86616 

10.00399 

10.8701 5 

‘5 

46 

9  1 3°78 

9.99600 

9  1 347  8 

10.86522 

1 0.00400 

10.86922 

‘4 

47 

9-I317I 

9.99598 

9* 1 3573 

10.86427 

10  00402 

1 0  86S29 

*3 

48 

9.13263 

9  99596 

9  13667 

10.86333 

1 0.00404 

10.86737 

1  2 

49 

9* 1 335  5 

9  99595 

9  13761 

10.86240 

10.0040? 

10  86645 

1 1 

5° 

9  - 1 3447 

9  99593 

9.13854 

1 0.861 46 

1 0  00407 

10  86553 

IO 

5 1 

9- 1 3  5  39 

9.99591 

9.13948 

10. 86052 

i  0  00409 

TO  86461 

9 

52 

9-I363° 

9.99589 

9.14041 

10.85959 

10.0041 1 

10  86370 

8 

S3 

9* 1 3  7  2  2 

9.99588 

9.14134 

1 0  85866 

10.0041  2 

10  86278 

7 

54 

9  * 1 3  8 1 3 

9.99586 

9.14227 

10.85773 

[  0  00414 

IO.861  87 

6 

55 

9*1 39°4 

9.99584 

9  r432° 

1 0.85680 

10.00416 

IO  86096 

5 

56 

9*1 3994 

9.99582 

9  1441 2 

TO  85588 

10.0041  8 

10  86006 

4 

57 

9.14085 

9  995Sl 

9'145°4 

IO  85496 

1 0.00419 

10  8591 5 

3 

58 

9* 1 4 1 75 

9-99579 

9  1 459  7 

IO.854O3 

10  00421 

TO  83825 

2 

59 

9. 1 4266 

9  99577 

9  14689 

IO  85312 

;  10-00423 

10  85734 

1 

60 

9.14356 

9  99575 

9  14780 

IO  85220 

!  1 0-00425 

IO.85645 

0 

1  Sine. 

Tang. 

Secant 

d 

•  rH 

|  82  Degrees. 
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A  Table  of  Artificial  Sines, 

8  Decrees. 

g 

3 

Sine. 

Tang. 

Secant. 

| 

o 

9  l4356 

9*99575 

9.14780 

\  0.8522c 

1  0.00 A. 2  “ 

1  / 

:  O  85645 

:6o 

I 

9-  i444s 

9  99574 

9.14872 

i 0  85128 

10.00427 

IO  85555 

59 

2 

9* 1 4535 

9.99572 

9.14903 

10.85037 

IO.OO428 

IO.85465 j 

3 

9.14624 

9  9957° 

9.15054 

10  84946 

10.00430 

IO.85376 

S' 

4 

9.14714 

9  995^ 

9  T  5 1 45 

10.8485  5 

IO.OC432 

10  85286 

5° 

5 

9  H8o3 

9.99566 

9.15236 

10.84764 

io  00434 

10  85.97 

55 

6 

9. 14892 

9  99565 

9- 1 5  3  2  7 

10  84673 

IO  OO43  5 

10.85 1  °9 

54 

7 

9.14980 

9.99563 

9  1 541 7 

10  84583 

IO  OO437 

1 0.85020 

53 

8 

g  1 $069 

9.99561 

9  15508 

10  84492 

IO.OO439 

10  8493 1 

52 

9 

9- 1 5 1 5  7 

9  99559 

9  1 5598 

10.84402 

0  0044; 

10  84843 

IO 

9. 1 5245 

9-99557 

9.1 5689 

IO.843 I  2 

10.00443 

10.84755 

50 

i 1 

9-15333 

999556 

9- 1 5  77  8 

IO.84223 

!  O  OO445 

.  0  84667 

49 

I  2 

9.15421 

9*99554 

9.15867 

10.84133 

T  0  00446 

>0.84579 

48 

T3 

9.15508 

9  99552 

9  1 59  5  7 

IO.84C44 

1 0. 0^448 

0  84492 

47 

14 

9-1  S596 

9  9955c 

9  16046 

IO.83954 

1 0.004  50 

io  84404 

'5 

9  1 5683 

9.99548 

9.16135 

I  O.83865 

1 0.0045  2 

10.843 1 7 

45 

i6 

9.15770 

9  995+6 

9.1 6224 

IO.83776 

10.00454 

10  84230 

44 

‘7 

9-'5857 

9-99545 

9.16312 

IO.83688 

•  0.0045  5 

1 0.841 43 

43 

1 8 

9.15944 

9-99543 

9. 16401 

10.83599 

1 0.00457 

1 0  84057 

42 

i9 

9  16030 

9.99541 

9. 16489 

I  O.835  1  I 

1 0  00459 

10.83970 

4l 

20 

9.161 16 

9  99539 

9  16577 

IO.83423 

10.00461 

1 0.83884 

40 

2  I 

9.16203 

9-99537 

9.16665 

IO.83335 

10.00463 

10  83797 

39 

22 

9.16289 

9-99535 

9.16753 

IO.83247 

10.0.0465 

10.8371 2 

38 

23 

9*i6374 

9-99533 

9.16850 

IO.83I59 

10.00467 

1 0  83626 

37 

24 

9  16460 

9.99532 

9.16928 

IO.83O72 

10. 00468 

10.83540 

36 

2? 

9* 1 6545 

9.99530 

9.17016 

O.82984 

1 0.00470 

1083455 

35 

26 

9. 1 663 1 

9.99528 

9. 1 7 1  °3 

I  O.82897 

10  00472 

10.83369 

34 

27 

9.16716 

9.99526 

9.17190 

10.82810 

10.00474 

10  83284 

33 

28 

9.16801 

9.99524 

9.17277 

IO.82723 

10.00476 

10.83199 

32 

29 

9.16886 

9.99522 

9.17363 

I  O.82637 

10.00478 

1083114 

31 

3° 

9.16970 

9.99520 

9  I745° 

IO.8255O 

10.00480 

10  83030 

30 

Sine. 

Tang. 

Secant. 

.£ 

8 1  Degrees. 

2 

* 
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Tangents, 

and  Secants. 

| 

8  Degrees . 

l 

Min. 

Sine. 

Tang. 

i  » 

v  4 

Secant. 

3° 

9.16970 

99952° 

9- 1 745° 

1 0.825  50 

10.00480 

10.83030 

3o| 

31 

9.17055 

999518 

9  17536 

10  82464 

10.00482 

io. 82945 

29 

1  32 

9I7,39 

9.99517 

9.1 7622 

10.82378 

10.00484 

10.82861 

28 

33 

9.1 7223 

9.995 1 5 

9.17708 

10.82292 

10.00485 

10.82777 

27  j 

34 

9*1  73°7 

9  99  5 1 3 

9.17794 

10.82206 

1 0.00487 

108  2693 

26! 

35 

9  1 739 1 

9 995 11 

9.1 7880 

10.821 20 

10  00489 

10.82609 

25 

36 

9- 1 7474 

9.99509 

9.1 7966 

10.82035 

1 0.0049 1 

10.82526 

24 

37 

9.17558 

9.99507 

9  1805 1 

10.81949 

10.00493 

10  82442 

23  | 

38 

9 '764‘ 

999505 

9.18136 

1 0.8 1 864 

1 0.0049  5 

10.8(359 

22 1 

39 

9  1 7724 

9.99503 

9. 1 8221 

10.81779 

10.00497 

1081  276 

21 I 

40 

9.1 7807 

999501 

9.1 8306 

108  694 

10.00499 

1082193 

20 1 

41 

9  17890 

9.99499 

9  1 8391 

1081 609 

to  00501 

10  82111 

*91 

42 

9-1 7973 

9-99497 

9.18475 

10.81525 

10.00503 

10.82027 

1  s  t 

43 

9.1 8055 

9.99496 

9 1 8560 

10  81440 

10.00505 

10.81949 

t?! 

44 

9*1 81 37 

9.99494 

9.1  8644 

10.81 356 

10.00507 

1081  863 

r6| 

45 

9  1 8220 

9  99492 

9 18728 

1 0.8 1 272 

10.00508 

1 0.8 1 780 

15 

46 

g.r  8302 

9.99490 

9.1 881 2 

10.811  88 

10.005 10 

10  81698 

14 

47 

9  18383 

9,99488 

9.1 8896 

10.81 104 

1 0.005 1 2 

1 0.8 1 6 1 7 

13 

48 

9.1 8463 

999486 

9*1 8979 

to. 81021 

10.005 1 4 

10.81535 

1 2 1 

49 

9.18547 

9  99484 

9.1 9063 

10.80937 

10  005 1 6 

10  81453 

1 1  [ 

5° 

9. 1 8628 

9.99482 

9.19146 

10.80854 

10.005 1 8 

10.81 372 

1° 

S' 

9.1  8709 

9.99480 

9.19229 

10.80771 

10.00520 

10.81 291 

9 

52 

9  1 8790 

9.99478 

9.193 1 2 

10.80688 

10.00522 

10.81 210 

8 1 

53 

9.1 8871 

9  99476 

9* 1 9395 

10.80605 

10.00524 

10.81 1 29 

A 

54 

9.1 8952 

9-99474 

9  *9478 

10  80522 

10.00526 

10.81048 

A 

55 

9  1 9°3  3 

9-99473 

9  *9561 

10  80439 

10.00528 

10.80968 

5 

56 

9.19113 

9  99470 

9 19643 

10  80357 

10.00530 

<0.80887 

4 

57 

9 1 9 1 93 

9.99468 

9.19725 

10  80275 

10.00532 

ro.  80807 

3 

58 

i9  1 927  3 

9.99466 

9.19807 

10.80193 

10  00534 

10.80727 

2  [ 

59 

9  1 93  5  3 

9  99464 

9.19889 

10.801 1 1 

1 0  00536 

'  0.80647 

1 

60 

9*19433 

9  99462 

9 1 997 1 

1 0  80029 

1 0.00538 

10.80567 

0 

Sine. 

Tang. 

Secant. 

a 

8  1  Degrees. 

s 

/ 
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A  Table  of  Artificial  Sines, 

9  Degrees. 

<  • 

2 

P 

Sine. 

Tang. 

1 

Secant. 

o 

9-19433 

9.99462 

9-i997i 

10.80029 

10.00538 

10.80567 

60 

i 

9- 1 95 1 3 

9.99460 

9.20053 

iQ-79947 

10.00540 

10.80488 

59 

2 

9.19593 

9.99458 

9  20135 

10.79866 

10.00542 

10.80408 

58 

o 

9.19672 

9.99456 

9.202 1 6 

lio. 79784 

10.00544 

10.80328 

57 

4 

9.19751 

9.99454 

9.20297 

10.79703 

10.00546 

10  80249 

56 

5 

9.19830 

9  9945 2 

9.20378 

10.79622 

10.00548 

10.801 70 

55 

6 

9.19909 

9.99450 

9.20459 

IO-7954I 

10.00550 

10.80091 

54 

7 

9.19988 

9.99448 

9.20540 

10.79460 

10.00552 

10.8001 2 

53 

8 

9.20067 

9.99446 

9.20621 

10.79379 

10.00554 

IO-79933 

52 

9  201 45 

9.99444 

9.20701 

10.79299 

10.00556 

10.79855 

51 

IO 

9.20223 

9.99442 

9.20782 

10.792 1 8 

10.00558 

10.79777 

50 

1 1 

9.20302 

9  9944° 

9.20862 

10  79138 

10.00560 

10.79698 

49 

I  2 

9.20380 

9.99438 

9.20942 

10.79058 

10.00562 

10.79620 

48 

13 

9.204  58 

9.99436 

9.21022 

10.78978 

10.00564 

10.79542 

47 

I4 

9  20535 

9  99434 

9.2T  102 

10.78898 

10.00566 

10  79465 

46 

is 

9.2061 3 

9.99432 

9.21182 

1078819 

10.00568 

i°-79387 

45 

16 

9.2069 1 

9.99430 

9.21 261 

1 0.7873  9 

10.00571 

10  79309 

44 

17 

9.20768 

9.99427 

9.21341 

10.78660 

r  0.00572 

10  79232 

43 

18 

9.20S45 

9.99425 

9.2 1420 

10.78580 

10.00575 

IO-79{ 55 

42 

19 

9  20922 

9-99423  19  21499 

10.78501 

1 0.00577 

10.79078 

£L 

20 

9.20999 

9.99421 19.21  578 

10.78422 

10.00579 

10  79001 

40 

21 

9.21076 

9  99419 

9.21 657 

10.78343 

10.00581 

1 0.78924 

39 

22 

9.21 153 

9  99417 

9  • 2 1 736 

10.78264 

10.00583 

10.78847 

38 

23 

9.21 229 

9  99415 

9.21814 

10.781 86 

10.00585 

10.78771 

37 

24 

9.21 306 

9.99413 

9.21893 

10. -78107 

10.00587 

10.78695 

36 

25 

9  21382 

9-9941 1 

9.21971 

10.78029 

10.00589 

10.7861,8 

35 

26 

9  2145s 

9-99409, 9-22049 

1 0  -  7795 1 

10.0059? 

10.78542 

34 

27 

9.21534 

9.99407,9  22127 

10.77873 

10.00593 

1 0.78466 

33 

28 

9.21610 

9.99405  '9. 22205 

10.77795 

10.00596 

10  78390 

32 

29 

9.21 685 

9.9940219.22283 

10.77717 

10.00598 

10.78315 

31 

30 

9.21761 

9.9940019.22361 

10.77639 

10.00600 

10  78239 

30 

Sine.  | 

Tang. 

Secant. 

CJ 

80  Degrees . 

S 
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Tangents, 

and  Secants. 

— 

9  Degrees. 

£ 
►— *  • 

P 

Sine. 

Tang. 

Secant. 

3° 

9.2 1 761 

9  994°° 

9. 22361 

10.77639 

10.00600 

10.78239 

3° 

3 1 

9.21 836 

9.99398 

9.22438 

ic-77$62 

10.00602 

10.78164 

29 

32 

9.21912 

9.99396 

9.225 16 

'0.77484 

10.00604 

10.78088 

28 

33 

9  21987 

9-99394 

9.22593 

10.77407 

10.00606 

10.7801 3 

27 

34 

9.22062 

9.99392 

9.22070 

10.7735° 

1 0.00608 

10.77938 

26 

35 

9  22137 

9.99390 

9.22747 

10.77253 

10.00610 

10.77863 

25 

36 

9.2221 2 

9.99588 

9.22824 

10.771 76 

10.0061 3 

1  °- 7  7789 

24 

37 

9.22286 

9.99385 

9.22901 

10.77099 

1  c. 006 1 5 

10.77714 

23 

38 

9.22361 

9.99383 

9.22977 

1 0.77023 

10.00617 

10.77639 

22 

39  9  22435 

9.99381 

9.23054 

10.76946 

10.00619 

10  77565 

21 

40 

9.22509 

9-99379 

9*23 1 3 1 

0 

00 

0 

• 

0 

1 0.0062 1 

10.77491 

20 

41 

9.22583 

9-99377 

9.23207 

10.76794 

1 0.00923 

HD. 77417 

19  ■ 

42 

9.22657 

9-99375 

9.23283 

10.76717 

10.00625 

10.77343 

18 

!  43 

9-2273 1 

9-99373 

9-23359 

10.76641 

10  00628 

IO.77269 

17 

44 

9.22805 

9-9937° 

9.23435 

1 0.76566 

10  00630 

IO.77195 

16 

45 

9.22878 

9.99368 

9-235 10 

10.76490 

1 0.00632 

IO.77I 22 

‘5 

46 

9.22952 

9.99366 

9.23586 

10.764141 

10.00634 

IO.77O48 

T4  ’ 

47 

9.23025 

9.99364 

9.23661 

ro.763  39 

10  00636 

10.76975 

1 3 

4819-23098 19 99362 

9-23737 

10.76263 

10  00638 

IO.769O2 

1 2 

49!9‘23'7.M9  99359 

9.2381 2 

10.761 88 

10.00641 

IO.76829 

1 1 

5°;9. 23244 

9-99357 

9.23887 

10.761 13 

10  00643 

IO.76756 

IO 

5 1 

9.23317 

9-99355 

9.23963 

10.76038  jio. 00645 

IO.76683 

9 

5 2 

9.23390 

9-993  53 

|9- 24037 

iO. 75963 

10.00647 

IO.7661O 

8 

53 

9.23463 

9-9935 1 

[9.241 1 2 

iio. 75888 

1 0.00649 

1 0.765  3  8 

7 

•  54 

9.23335 

9-99348j9-24l87 

10.75814 

10.00652 

10.76465 

6 

55 

9.23607 

9.99346)9.24261 

1  °*75  7  39 

'10.00654 

10.76393 

5 

56 

9  23680 

9-99344|  924335 

50.75665 

Iio.  00656 

10.76321 

4 

-  57 

9.23752 

9.99342!  9.24410 

10.75590  10.00658 

10.76249 

3 

58 

9.23824 

9-99  34°|  9  •  2^4.484 

10.75516 

IO  00660 

10.761 77 

2 

59 

9.23895 

9  99337  9-24558 

10.75442 

10.00663 

10.76105 

L 

1 

60 

9  23967 

9  99335  9-24632 

10.75368 

1 0.00665 

10  76033 

0 

Sine.  1 

1  Tang. 

- r, - 

Secant. 

c 

80  Degrees . 

i 

. 


■  .'A  ’  •  •  . 


[  444  ] 


A  Table  of  Artificial  Sines, 


IO  Degrees. 


Sine. 


9.23967 


9-99335 


9.24039  9-99333 


9.241 10 

3  9  24181 

4  9-242?3 


10 

1 1 

I  2 


14 

15 

1 6 

»7 


9-9933 1 
9.99328 

9  99326 


9.24324 

9.24395 


9.24466  9.99320 

9.24536  9-993 1 7 
9.24607  9-99315 


9.24678  9  993 1 3 
9.24748  9-993 10 


9.2481 8 
13  9.24888 


1  8  9.25237 
19  9  25307 


20 

21 

22 

23 

24 


9.25445 


9.25583 
9  25652 


9.25721 


9.99324 

9.99322 


9  99308 
9.99306 


9.24958  9  993°4 


9  25028  9.99301 
9.25098  9-99299 
9.25 168  9  99297 


9.99294 
9  99292 


9.25376  9  99290 


9  99288 


9-255M9  99285 


9.99283 
9 9928 1 


9.99278 


26  9  25790  9.99276  9.26514 


2719.25858 

28  9  25927 

29  9-25995 
3o|9- 26063 


Tang. 


9.24632 
9  24706 
9.24779 
9.24853 
9.24926 


9.25000 
9  25073 
9  25146 
9.25  2 1 9 
9  25292 


9  25365 
9.25437 
9.25510 
925582 
9-25655 


10.75368 

IO- 75294 
10.7522 1 
10  75147 

IQ75°74 

10.75000 

IO-74927 

10.74854 

10.74781 

10.74708 


9.25727 

9  25799 
9.25871 

9  25943, 
9. 260 1 5 

9  26086 
9.261 58 
9.26229 
9.26301 
9  26372 


10.74635 

1  °*745  63 
10.74490 
10.7441  8 
10  74345 

1 0-74273 
10.74201 
10.741  29 
10.74057 
10.73985 


9.26443 


9.99274 
9  99271 
9.99270 
9.99267 


Sine. 


9  26585 
9.26656 
9.26726 
9.26797 


10.739H 
10.73842 
10.73771 
1 0.73700 
10.73628 


IO  73557 
10.73486 

1  °-7  34 1 5 
JO-73345 
10.73274 
10  73203 


Tang. 


79  Degrees. 


Secant. 


0.00665 

0.00667 

0.00669 

0.00672 

0.00674 


0.00676 
o  00678 
o  00681 
0.00683 
0.00685 


0.00687 
0.00690 
0.00692 
0.00694 
o  00696 


0.00699 

0.00701 

0.00,703 

0.00706 

0.00708 


0.00710 
0.007 1 3 
o 00715 
0.0071 7 
0.00719 


o  00722 
0.00724 
0.00726 
0.00729 
0.0073 1 
0.00733 


10.76033 

10.75961 

10.7589c 

10.75819 

1075747 


10.75676 

10.75605 

Jo-75534 

Jo-75464 

Jo-75393 


10.75323 
10  75252 
10.75 1 82 
10.751 1 2 
10.75042 


60 

59 

58 

57 

56 

55 

54 

53 

52 

5 1 


5° 

49 

48 

47 

46 


45 


10.74972 
1074902 144 
10.74832  43 
10.74763 142 
10  74693  |4_^ 

'40 
39 


1074624 

Jo-74555 

1074486 

Jo-7441 7 

r  0.74348 


10.74279 
10  74210 
10  74142 
1074073 

IO. 74005 

IP. 73Q37 

Secant. 


38 

37 

3^ 

35 

34 

33 

32 

3i 

3° 
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Tangents,  and  Secants. 


io  Degrees. 


Sine. 


9.26063 
9.2613 1 
9.261 99 
9.26267 

9  26335 


9.26403 

9.26470 

9.26538 

9.26605 

9.26672 


9.99267 
9.99264 
9.99262 
9  99260 

9  99257 


9.26739 

9.26807 

9.26873 

9.26940 

9.27007 

9.27074 

9.27140 

9.27206 

9.27273 

9-27339 


9.27405 

9.27471 

9-27537 

9.27602 

9.27668 


9.99255 

9.99253 

9.99250 

9.99248 

9.99245 


9.99243 

9  99241 
9.99238 
0.09236 
9.99234 


9.99231 

9.99229 

9.99226 

9.99224 

9.99221 


9.99219 
9.99217 
9.992 1 4 
9.992 1 2 
9.99209 


9.27734  9.99207 
9.2779919.99204 
9.2786419.99202 
9.27930  9.9920c 


9-27995 

9.28060 


9-99 1 97 
9-99 1 95 


Tang. 


9.26797 

9.26867 

9.26938 

9.27008 

9.27078 

9.27 148 
9.27218 
9. 27288 

9-27357 

9.27427 


9  27496 
9.27566 
9.27635 
9.27704 
9.27773 


9.27842 
9  2791 1 
9.27980 
9.28049 
9.28 1 17 

9.28186 

9.28254 

9.28323 

9.28391 

9-28459 

6  28527 
6.28595 
6.28662 
6.28730 
6.28798 
6.28865 


Secant. 

4 i  M 

10.73203 

10.73133 

10.73063 

10.72992 

10.72922 

10.00733 
10.00736 
10  00738 
10.00740 
10.00743 

1  °*73937 
10.73869 

1073801 

10. 73733 
10.73665 

30 

29 

28 

27 

26 

10.72852 

10.00745 

10.73597 

25 

10.72782 

10.00748 

IO-7353° 

24 

10.72712 

10.72643 

10.00750 

10.00752 

10.73462 

10.73395 

23 

22 

il 

10.72573 

10.00755 

10.73328 

21 

10.72504 

10.00757 

10.73261 

20 

10.72434 

10.00759 

1  °*73 1 94 

*9 

Isl 

10.72365 

10.00762 

10.73127 

18 

pm 

10.72296 

10.00764 

10.73060 

17 

10.72227 

10  00767 

10  72993 

16 

10.72158 

10.00769 

10.72927 

*5 

ii  *  1  Af 

i_o  72089 

10.00771 

10.72860 

i/. 

'■  M 

10.72020 

10.00774 

10.72794 

J3 

fi 

10.7195 1 

10.00776 

10.72727 

1 2 

10.71883 

10.00779 

10  72661 

1 1 

■  < 

10.71814 

10.0078 1 

IO-72595 

10 

4 

10.71746 

10.00783 

10.72529 

9 

•ifi.-  /M  •  ?  1 

■'  ■  ■■  ; 

10.7 1678 

10.00786 

10.72463 

8 

10.71609 

10.00788 

10.72398 

7 

• 

. 

10.71541 

10.00791 

10.72332 

6 

-  , . 

lie'll 

'i  Y  L 

10.71473 

10.00793 

10.72266 

5 

10.71405 

10.00796 

10.72201 

4 

I 

10.71338 

10  00798 

10.72136 

3 

• 

10.7 1 270 

10.00800 

10.72070- 

2 

10.7  I  202 

10.00803 

10.72005 

1 

10  71135 

10.00805 

10. 7194.0 

0 

-i.  -M 

Tang. 

Secant. 

c 

•  M 

degrees » 

§ 

:  r||  i 

1  3  ■ 
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A  Table  of  Artificial  Sines, 

1 1  Degrees. 


2 

• 

3 

Sine. 

Tang. 

0 

1 

2 

3 

4 

9.28060 
9.28 125 
9.28 190 
9.28254 
9.28319 

9.99195 

9-99*92 

9.99190 

9.99187 

9.99185 

9.28865 

9.28924 

9.29000 

9.29067 

9  29*34 

5 

6 

7 

8 

9 

9.28384 
9.28448 
9.285  1 2 
9.28577 
9.28641 

9.99182 

9.99180 

9-99*77 

9  99 1 75 
9.99172 

9.29201 

9.29268 

9.29335 

9.29402 

9.29468 

10 

1 1 

1 2 

Ji 

*5 

16 

*7 

18 

5.9 

9.28705 
9.28769 
9.28833 
9  28896 
9.28960 

9.99170 
9.99167 
9.99 1 65 
9.99162 
9  99160 

9-29535 

9.29601 

9.29668 

9.29734 

9.29800 

9.29024 

9.29087 

9.29150 

9.29214 

9.29277 

9  99*57 
9.99155 

9-99*52 
9-99*5° 
9  99*47 

9.29866 
9.29932 
9.29998 
9.30064 
9-301 30 

20 

21 

22 

23 

24 

9.29340 

9.29403 

9.29466 

9.29529 

9.29591 

9-99*45 
9  99*42 

9.99140 

9-99*37 

9-99*35 

9.30195 

9.30261 

9.30326 

9.3039* 

9-30457 

25 

26 

27 

28 

29 

30 

9.29654 

9.29716 

9  29779 
9.29841 

9.29903 

9.29966 

9.99132 
9.99130 
9.99*27 
9.99124 
9.99122 
9  99i*9 

9.30522 

9.30587 

9.30652 

9.30717 

9.30782 

9.30846 

Sine. 

Secant. 

*o.7**35 
10.71067 
107 1000 
1070933 
10.70866 

10.00805 
10.00808 
10.008 10 
10.00813 
10.00815 

1071940 

10.71875 

10.71810 

1071746 

10.71681 

60 

59 

58 

57 

56 

1070799 

10.70732 

10.70665 

1070598 

1070532 

10.00818 

10.00820 

10.00823 

10.00825 

10.00828 

10  71616 
10.7 1552 
10.71488 
10.71423 
1071359 

55 

54 

53 

52 

5* 

1070465 

10.70399 

10.70332 

1070266 

10.70200 

*0.00830 
10.00833 
10  00835 
10.00838 
10.00840 

1071295 
1071231 
1071 167 
1071 104 
10.71040 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

4* 

1070134 

10.70068 

10.70002 

10.69936 

10.69871 

10.00843 
10.00845 
10.00848 
ic. 00850 
10.00853 

1070976 

1070913 

1070850 

1070786 

10.70723 

10.69805 

10.69739 

10.69674 

10.69609 

10.69543 

10.00855 

10.00858 

10.00860 

10.00863 

10.00865 

10.70660 

io7°597 

io7°534 

10.70471 

10.70409 

40 

39 

38 

37 

0 

35 

34 

33 

32 

3* 

30 

10.69478 

10.69413 

10.69348 

10.69283 

10.69218 

10.69154 

10.00868 

10.00871 

10.00873 

10.00876 

10.00878 

10.00881 

1070346 

10.70284 

1070221 

1070159 

10.70097 

1070035 

Tang. 

Secant. 

• 

c 

78  Degrees. 


30 

31 

32 

33 

34 

35 

36 

37 

38 


40 

41 

42 

43 


9.29966 
9.30028 
9.30000 
9  30151 
9  3 021  j 

9  30275 
9.30336 
9.30398 
9.30459 
9.30521 


9-991 1 

9-99  JI7 
9.99114 

9.991 12 
9  99io9 


9  9.30846 
9.3091 1 
9-30975 

9-3  io4° 
9.31 104 


9  30582 
9.30643 
9.30704 
9  30765 
9.30826 


45 

46 

47 

48 

12 

5° 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 


9.30887 
9.30947 
9.31008 
9  31069 
9.3  1 1 29 


9.31189 

9-3 125o 

9.31310 

9.31370 

9-3*43° 


9.31490 

9.31550 

9.31609 


9.3 1728 

9  3 1 788 


9.99106 

9-99*°4 
9*99101 
9.99099 

9  99°96 

9.99093 

9-99°9* 

9  99088 

9  99086 

9-99083 

9.99080  9 
9.99078  ‘ 
9.99075 
9.99072 
9.99070 


9.31 169 
9-31233 
9.31297 
9.31361 
9-3  *425 
9  31489 

9-3I552 

9.31616 

9.31680 

g-31743 

.31806 
9.31870 

9-3*933 

9 31996 

9.32059 


9.99067 
9.99064  9. 
9.99062  9. 
9.99059  9- 


9  32122 
.32185 
32248 
32311 
9  99057  9-32373 


9  99°54  9  32436 
9.9905 1  9.32498 

9  99049  9.32561 
9.31669  9  99046  9  32623 
9.99043  9.32685 

9  99040  9.32747 


Sine. 


10.6915/. 
10.69089 
10  69025 
10.68960 
10.68896 

10.68832 

10.68767 

10.68703 

10.68639 

10.68575 

10.68512 
10.68448 
10.68384 
10.6832 1 
10.68257 

10.68194 

10.68130 

10.68067 

10.68004 

10.67941 

10.67878 
10  67815 
10  67752 
10.67689 
10  67627 

10.67564 

10.67502 

10.67439 

10.67377 

10.67315 

10.67253 


10.00894 
10.00896 
10.00899 
10.0090 1 
10  00904 

10.00907 
10.00909 
10.009 1 2 
10  00915 
10.00917 

io  00920 
? o  00922 
10  00925 
10.00928 
10  00930 


10  00933 
10.00936! 
10.009381 
10.00941 ' 
10.00944 

10.00946 
10.00949 
10.00952 
10.00954 
10.00957! 
10.00960; 


Tan 


10.69725 
10.69664 
10.69602 
10.69541 
10.69479 

10.69418 
10.69357 
10.69296 
10.69235 
10.69174 

10.691  *3 
10.69053 
10.68992 
10.68932 
10.68871 

10.68811  10 
10  6875 1 
10  68690 
10.68630 
10  68570 

10.685 10 
10.6845 1 
10.68391 
10.6833 1 
10  68272 
10  68212 

Secant. 


73  Degrees. 


'.Mil 


<J  g  2 


J !  ,*{ 
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■vs 
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Tangents, 

and  Secants. 

1 2 

Degrees. 

§ 

5’ 

Sine. 

Tang. 

Secant. 

- 

3° 

9-33534 

9.98958 

9.34576 

10.65425 

10.01042 

to  66466 

3° 

3' 

9  33391 

9.98955 

9.34635 

10.65365 

10.01045 

10  66409 

29 

32 

9.33648 

9-98953 

9-34695 

10  65305 

10.01048 

10.66353 

28 

33 

9  33704 

9.98950 

9-34755 

10.65246 

10.01050 

10.66296 

27. 

34 

9  337^1 

9-98947 

9.34814 

10.65  586 

10.01053 

10.66239 

26 

35 

9.33818 

9.98944 

9-34874 

10.65  127 

10.01056 

10.66183 

25 

36 

9-33874 

9.98941 

9-34933 

10.65067 

10.01059 

10.661 26 

24 

37 

9  3393 1 

9.98938 

9.34992 

10.65008 

to. 01062 

10.66069 

23 

38 

9  33987 

998936 

9.3305  1 

10  64949 

10.01064 

10.6601 3 

22 

39 

9.34043 

9.98933 

9-3  5  5  5  1 

1 0  64889 

10  01067 

10.65957 

21 

40 

9  34!oo 

9.98930 

9.35170 

10.64830 

10.01070 

10.65900 

20 

4! 

9.34156 

9.98927 

9.33229 

10.64771 

10.01073 

10.65844 

59 

n 

42 

9,34a  1 2 

9.98924 

9.35288 

10.647 1 2 

10.01076 

10.65788 

1 8 

43 

9  34268 

9.98921 

9  35347 

10  64654 

10.01079 

10.65732 

57 

44 

9-34324 

9-98919 

9-35405 

50  64595 

10  0108 1 

10.65676 

1 6 

43 

9.34380 

9.98916 

9-35464 

10  64536 

10.01084 

10.65620 

55 

46 

9-34436 

9.98913 

9.35523 

to  64478 

10.01087 

10.65565 

54 

47 

9-3449 1 

9.98910 

9  3558  5 

10  64419 

10.01090 

10.65509 

53 

48 

9-34547 

9.98907 

9.35640 

10.64360 

10.01093 

50.65453 

1 2 

49 

9.34602 

9.98904 

9  35698 

to  64302 

10.01096 

10.65398 

1 1 

5° 

9  34658 

9.98901 

9-35757 

10.64243 

10  01099 

10.65342 

10 

5 1 

19-34753 

9.98899 

9-35® 1 5 

10.64185 

10. 01 102 

10.65287 

9 

0 

52 

9.34769 

9.98896 

9-35873 

10.64127 

10. 01 104 

to. 6523 1 

8 

53 

9.34824. 

9.98893 

9-35935 

10.64069 

10.01 107 

10.65176 

7 

54 

9.34879 

9.98890 

9  35989 

10  6401 I 

10. 01  I  10 

10  65121 

6 

55 

9-34934 

9.98887 

9.36047 

10.63953 

10.01  I  13 

10.65066 

5 

56 

.9  34989 

9.98884 

9.36105 

10.63895 

10. OI  I  16 

10.6501 1 

4 

5719.35044 

9.9888 1 

9.36563 

10.63837 

10.01 1  19 

10.64956 

3 

53 

9-35099 

9.98878 

9.36221 

10.63779 

10. OI  122 

10.64901 

2 

59 

9-35554 

9.98875 

9.36279 

10.63721 

10. 01 125 

10.64846 

1 

60 

9.35209 

9.98872 

9-36336 

10.63664 

10. 01 1 28 

1 0.6479 1 

0 

j  Sine. 

1  Tang. 

Secant. 

.S 

77  Degrees. 

•mt  A | 
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A  Table  of  Artificial  Sines, 


1 3  Degrees. 


s 

h*  • 

3 

• 

Sine. 

Tang. 

Secant. 

O 

1 

2 

3 

4 

9-35  2°9 
9.35264 

9  353 18 
9-35373 
9.35427 

9.98872 

9.98869 

9.98867 

9.98864 

9.98861 

9.36336 

9.36394 

9.36452 

9.36509 

9.36566 

10.63664 

1 0.63606 
10.63548 
10.63491 
10  63434 

10.01 1 28 
10.01 1 3 1 
10.01133 
10.01 136 
io-oi  139 

10.64791 

10.64737 

10.64682 

10.64627 

10.64573 

5 

6 

7 

8 

9 

9.35482 
9  35536 

9-3559° 

9.35644 

9.35698 

9.98858 
9  98855 
9.98852 
9.98849 
9.98846 

9.36624 
9.3668 1 
9.36738 

9-36795 

9.36852 

10.63376 

i°.633i9 

10.63262 
10  63205 
10.63 148 

10.01 142 
10.01 145 
10.01 148 
10.01 151 

IO.OI  154 

10.645 19 
10.64464 
10.64410 
10.64356 
10.64302 

10 

1 1 

1 2 

13 

H 

9-35752 

9.35806 

9.35860 

9-359*4 

9.35968 

9.98843 
9.98840 
9.98837 
9  98834 
9.9883 1 

9.36909 

9.36966 

9.37023 

9.37080 

9-37137 

10.63091 

10.63034 

10.62977 

10.62920’ 

10.62863 

10.01 157 
10  OI 160 
10.01 163 
10.01 166 
10.01 169 

1 0.64248 
10.64194 
10.64140 
10.64086 
10  64032 

15 

16 

17 

18 

19 

9.36022 
9.36075 
9.36129 
9  361S2 
9.36236 

9.98828 
9.98825 
9.98822 
9.98819 
9.988 16 

9-37I93 

9.37250 

9.37306 

937363 

9-374*9 

1 0.62807 
10.62750 
10.62694 
10. 62637 
10.6258 1 

IO.OI  172 
IO.OI  175 
IO.OI  178 
10.01 18 1 

IO.OI 184 

10  63979 
10.63925 
10.63871 
10.63818 
10.63764 

20 

21 

22 

23 

24 

9.36289 

9.36342 

9-36395 

9.36449 

9.36302 

9.988 1 3 
9.988 10 
9.98807 
9.98804 
9.98801 

19-37476 

9-3753  2 
9.37588 
9.37644 
9.37700 

10.62524 

10.62468 

10.62412 

1 0.62356 
10.62300 

IO.OI  187 
10.01 190 

IO.OI  193 
IO.OI  196 
10.01 199 

10.637 1  I 
10.63658 
10.63605 
10.63552 
10.63498 

25 

26 

27 

28 

29 

3° 

9  36555 

9.36608 

9.36660 

9-36713 

9.36766 

9.36819 

9.98798 

9.98795 

9.98792 

9.98789 

9.98786 

9.98783 

.937756 

,9.37812 

9.37868 

9  37924 
9.3798° 
[9.38035 

IO.62244;  10.01202 
10.62188,  IO. OI  205 
10.62132;  10.01 208 
IO.62076'  IO.OI  21  1 
10.62020  io.oi 214 
10.61965;  10.01 217 

10.63445 
1063393 
10.63340 
10.63287 
!°. 63234 
10.63182 

Sine.  I 

Tang.  | 

Secant.* 

76  Degrees. 

6o 

59 

58 

57 

5£ 

55 

54 

53 

52 

££ 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

ii 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

30 


[  451  ] 


Tangents,  and  Secants. 

1 3  Degrees. 

s 

• 

a 

• 

30 

31 

32 

33 

34 

Sine. 

Tang. 

Secant. 

9.36819 

9.36871 

9.36924 

9.36976 

9.37029 

9.98783 

9.98780 

998777 

9  98774 
998771 

9.38035 

0.38091 

9.38147 

9.38202 

9.38258 

10.61965 
10  61909 
10.61853 
10.61798 
10.61743 

40.01 217 
10. 01 220 
10.01 223 
10.01226 
10. 01 229 

10.63 182 
j  10.63 129 
10.63076 
10  63024 
‘10.62972 

30 

29 

28 

27 

26 

3^5 

36 

37 

38 

39 

9.37081 

9-37133 

937185 

9-37237 

9.37289 

9.98765 

9.98765 
9.98762 
9.98759 
9.98756 

9«383 1 3 
9  38368 
9-38423 
9  38479 

9-38534 

10  61687 
10  61632 
10.61577 
10.61521 
10.61466 

10.01232 
10.01235 
10.01238 
10.01241 
10.01 244 

10.62919 
10.62867 
10  62815 
10.62763 
10.6271 1 

25 

24 

23 

22 

2 1 

10.6141 1 
10.61356 
10  61301 
10.61 246 
10.61 192 

10.01 247 
10.01250 
10.01254 
10.01257 
ro.oi  260 

10.62659 
10.62607 
10.62555 
10.62503 
10.6245 1 

20 

l9 

18 

17 

16 

40 

41 

42 

43 

44 

9-37341 
9  37393 
9-37445 
9-37497 
9-37549 

9.98753 

9.98750 

9.98747 

9.98743 

9.98740 

9.38589 
9  38644 
9.38699 

9  38754 
9.38808 

45 

46 

47 

48 

49 

0.37600 

9,37652 

9*377°4 

9-37755 

9.37806 

9-98737 

9.98734 

9.98731 

9.98728 

9.98725 

9.38863 

9.38918 

9.38972 

9.39027 

9.39082 

10.61 137 
10.61082 
10.61028 
10.60973 
10.60919 

10.01263 
10.01266 
10  01269 
10. 01 272 
10.01275 

10.62400 
10.62348 
10.62297 
10.62245 
10.62 194 

]5 

>4 

1 3 

1 2 

1 1 

5° 

51 

52 

53 

54 

9.37858 
9.37909 
9.37960 
9.3801 1 
9.38062 

9.98722 

998719 

9.98716 

9.98712 

9.98709 

9.39136 

9-3919° 

9.39245 

9.39299 

9  39353 

10.60864 

10.60810 

10.60755 

10.60701 

10.60645 

10.01278 
10.0128 1 
10.01285 
10.01288 
10.01291 

10.62142 

10.62091 

10.62040 

10.61989 

10.61938 

10 

9 

8 

7 

6 

55 

56 

57 

58 

59 

60 

0.381 13 
9.38164 
9.38216 
9.38266 

9-38317 

Q.  38368 

9  98706 
9.98703 
9.98700 
9.98697 
9.98694 
0.98690 

9-394°7 

9.39461 

9*395 1 5 
9-39569 
9.39623 

9.39677 

10.60593 
10.60539 
10.60485 
10  6043 1 
10.60377 
10.60323 

10.01294 
10. 01 297 
10.01300 
10.01303 
10.01306 

1 0.0 1310 

10.61887 
10.61 836 
10.61785 
10.61734 
10.61683 
10  61633 

5 

4 

3 

2 

1 

0 

" 

Sine. 

Tang. 

Secant. 

S3 

S 

1  76  Dt 

greet. 

_____ - - 

Gg  4 


■»  JJt 
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A  Table  of  Artificial  Sines, 


1 4  Degrees 

• 

3 

* 

Sine. 

Tang. 

Secant. 

O 

9.38368  9.98690 

9.39677 

10.60323 

10.01310 

10  61633 

60 

I 

9.3841 8  [9.98687 

9-3973 1 

10.60269 

10.01313 

10  61582 

59 

2 

9  3 s 469 

9  98684 

9-39785 

10.60215 

IQ. 01316 

10.61  531 

58 

3 

9  3^5 1 9 

9.9868 1 

9.39838 

10.60162 

10.01319 

10.6148 1 

57 

4 

9.3857019.98078 

9  39892 

10  60108 

10.0132  2 

10.61430 

56 

5 

9. 38620^9. 98675 

9.39946 

10.60055 

IO.OI325 

10.61 380 

55 

6 

9.38670 

9  9807 1 

9  39999 

10  60001 

IO.OI329 

10.61330 

54 

7 

9.38721 

9.98668 

9.40052 

10  59948 

IO.OI332 

10.61 279 

53 

8 

9.38771 

9.98665 

9  40106 

io  59894 

‘O  01335 

10.61229 

52 

9 

9.3882 1 

9.98662 

9.40159 

10.59841 

IO.OI338 

10.61 1 79 

5 1 

10 

9.38871 

9.98659 

9.40212 

10.59788 

IO.OI34I 

10.61 129 

5° 

1 1 

9.38921 

9.98656 

9.40266 

10.59734 

IO.OI345 

10.61079 

49 

12 

9.38971 

9.98652 

9.40319 

10.59681 

10.01 348 

10.61029 

48 

13 

9  39021 

9.98649 

9.40372 

10.59628 

10.0135 1 

10.60979 

47 

14 

9.39071 

9.98646 

9.40425 

10.59575 

10.01354 

1 0.60929 

46 

15 

9.39 1 2 1 

9  9^643. 

9.40478 

10.59522 

10  01357 

10.60879 

45 

16 

9  39 1 7  0 

9.98640 

9  4°53 1 

10.59469 

10.01361 

10.60830 

44 

17 

9.39220 

9.98636 

9.40584 

10.59416 

1 0.0  \  3  64 

10.60780 

43 

18 

9.39270 

9  98633 

9.40636 

10.59364 

1 0.01367 

10.6073 1 

42 

19 

9.30319 

9.98630 

9  40689 

TO  59311 

10  01370 

1 0.6068 1 

41 

20 

9.39369 

9.98627 

9.40742 

to. 50258 

io  01373 

1 0.6063  2 

40 

2 1 

9-39418 

9.98623 

9.4079.; 

1  O.59206 

10.01377 

10.60582 

39 

22 

9  39467 

9.9862c 

9  4c847 

10.59153 

10. 01 380 

io-6c>5  33 

38 

23 

9-39317 

9.98617 

9.40900 

to. 59100 

10.01 383 

1 0.60483 

37 

24 

9  39. 66 

9  98614 

9.40952 

10  50048 

10.01 386 

10.60434 

36 

25 

9-396*5 

9.98610 

9.41005 

to  58996 

1 0.01390 

1 0.60385 

35 

26 

9.39664 

9.98607 

9.41057 

10.58943 

10  01393 

10  60336 

34 

27 

9  397 1 3 

9.98604 

9,41 109 

10  58891 

1 0. 01 396 

10  60287 

33 

28 

9.39762 

9.9860 1 

9.41 162 

10.58839 

10.01399 

10  60238 

32 

29 

9.3981 1 

9.98597 

9.41214 

10.58786 

1 0. 01403 

10.601 89 

3 1 

3° 

9,39860 

9.98594 

9.41 266 

0 

00 

^•4 

■f* 

10.01406 

1 0.60140 

30 

Sine. 

Tang. 

Secant. 

c 

V. 

r 

75  Degrees. 

c 

§ 

* 
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I 


Tangents, 

and  Secants. 

14  Degrees. 

§ 

a’ 

Sine. 

| 

Tang. 

Secant. 

3° 

9.39860'  9.98394  ,9*41  266 

10.58734 

10.01406 

10.60140 

30 

3i 

9.39909 

998591 ; 

9-41 31 8 

10.58682 

ic. 01409 

10.60091 

29 

32 

9*3995 ^ j 9  98588 ,9.41 370 

10.58630 

10. 0141 2 

10.60043 

28 

33 

9.40006  9.98584  9  41422 

10.58578 

10.01416 

10.59994 

27 

34 

9.400551 

9  98581  |9-4H74 

10.58526 

10.014 19 

IO-59945 

26 

35 

9  40104 

9  98578  19.41526 

10.58474 

10.01422 

10.59897 

25 

36 

9.401  52 

9-98575  19  41 578 

10.58423 

10.01426 

10.59848 

24 

37 

9.40201 

9'9857i  |9  41 629 

10.58371 

10,01429 

10.59800 

23 

38 

9  4°249 

9.98568  |9  41681 

10.58319 

10.01432 

1  °*5975 1 

22 

39 

9.40297 

9.98565  S9  4i 733 

10.58267 

10  01435 

IO-597°3 

21 

40 

9.40346 

9.98561 

9.41784 

10.58216 

10.01439 

*0*59655 

20 

41 

9.40394 

998558  i9-4l836 

10.58164 

10.01442 

10.59606 

*9 

42 

9.40442 

9-9s555 

941887 

10.581 1 3 

10.01445 

1 0 -5  95  5  8 

18 

43 

9.40490 

9.98551 

941939 

10.58061 

10.01449 

10.595 10 

17 

44 

9.40538 

9.98548 

9.41990 

10.58010 

10.01452 

10.59462 

16 

45 

9.40586 

9  98545 

9.42042 

1  °*5  7959 

10.01455 

10.59414 

1 5 

46 

9.40634 

9  98541 

9.42093 

10.57907 

10.01459 

10.59366 

1 4 

47 

9.40682 

9.98538 

9.42144 

10.57856 

10.01462 

10-593 18 

’3 

48 

9.40730 

9-98S3S 

9.42195 

10.57805 

10.01465 

10.59270 

1 2 

49 

9  40778 

9.9853I 

9.42246 

iQ-57754 

10.01469 

10. 59222 

1 1 

5° 

9  40825 

Q. 98528 

9.42297 

10.57703 

10.01472 

1 0  5  9 1 75 

10 

51 

9.40873 

9.98525 

9.42348 

10.57652 

10.01475 

10.591 27 

9 

52 

9.40921 

9.9832I 

9.42399 

10.57601 

1001479 

IO-59°79 

8 

53 

9.40968 

9.9851 8 

9.42450 

10.5755° 

10.01482 

10.59032 

7 

54 

9.41016 

9.98515 

9.42501 

10.57499 

10.01485 

10.58984 

6 

55 

9.41063 

998511 

9.42352 

10  57448 

10  01489 

10.5  S93  7 

5 

56 

9.41 1 1 1 

9.98508 

9.42603 

10-57397 

10.01492 

10.58889 

4 

57 

9.41 158 

998505 

9.42653 

10.57347 

10.01496 

10.58842 

3 

58 

9.41 205 

9.98501 

9.42704 

10.57296 

10  01499 

io-58795 

2 

59 

9.41252 

9.98498 

942755 

10.57245 

10. 01 502 

10.58748 

1 

60 

9  41300 

9  98494 

9  42805 

10.57195 

10.01 506 

10. 58700 

0 

Sine. 

Tang. 

Secant. 

c 

7  5  Degrees. 

s 

\ 
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A  Table  of  Artificial  Sines, 

15  Degrees* 

1  Min. 

Sine. 

Tang. 

Secant. 

0 

9.41300 

9.98494 

9.42805 

10.57*95 

10.01506 

10.58700 

60 

1 

9-4*347 

9  98491 

9.42856 

*  °*  5  7 1 44 

10.01509 

10.5865  3 

59 

2 

9-4*394 

9.98488 

9.42906 

10.57094 

10.01512 

10.58606 

58 

3 

9-4*44* 

9  98484 

9.42957 

*0.57043 

10.015 16 

10.58559 

57 

4 

9.41488 

9.9848 1 

9.43007 

IO  56993 

10  01519 

10.585 1  2 

56 

5 

9-4*535 

9.98477 

943°57 

10.56943 

10.01523 

10.58465 

55 

6 

9.41  582 

9  98474 

9.43108 

*0  56893 

10.01526 

10.58419 

54 

7 

9  41628 

9.98471 

9-43158 

10.56842 

10.01529 

10.58372 

53 

8 

9.41675 

9.98467 

943208 

10  56792 

10.01533 

10.58325 

52 

9 

9.4*722 

9.98464 

945258 

10.56742 

10.01536 

10.58278 

i*_ 

10 

g. 41768 

9  98460 

943308 

10.56692 

10. 01 540 

10.58232 

50 

1 1 

9.41815 

998457 

9  43358 

10.56642 j 

10.01543 

10.581 85 

49 

1 2 

9.41 862 

9  98454 

9.43408 

10.56592 

10  01547 

10.58139 

48 

*3 

9.41908 

9  984?° 

9.43458 

10.56542 

10.01550 

10.58092 

47 

U 

9.41954 

9.98447 

9  435°8 

10.56492 

10.01553 

10.58046 

46 

*5 

9.42001 

9.98443 

9*43  55^ 

10.56442 

10.01557 

*0.57999 

45 

16 

9.42047 

9.98440 

9.43607 

10.56393 

10.01 560 

*0  57953 

44 

1 7 

9.42093 

9.98436 

9-43657 

10.56343 

io.oi  564 

10.57907 

43 

18 

9  4214° 

9*98433 

943707 

10.56293 

10.01 567 

10.57861 

4* 

19 

9.421 86 

9.98429 

9  43756 

10.56244 

10.01571 

10.578 '4 

ii 

20 

9  42232 

9  98426 

9.43806 

10.56194 

10.01574 

10.57768 

40 

21 

9.42278 

9.98422 

9*43855 

10.56145 

10.01578 

10.57722 

39 

22 

9.42324 

998419 

943905 

10  56095 

10  01581 

10.57676 

38 

23 

9.42370 

9  98416 

9-43954 

1 0. 56046 

10.01 585 

10.57630 

37 

24 

9 42416 

9.9S41 2 

9  44004 

10  55996 

10  01 588 

10.37584 

36 

25 

9,42462 

9.98409 

9.44053 

10.55947 

10.01592 

*0-57539 

35 

26 

9.42507 

9.98405 

9.44102 

10.55898 

10.01595 

10.57493 

34 

27 

9.42553 

9.98402 

9.44151 

•0.55849 

10.01599 

10.57447 

33 

28 

9  4*599 

9.98398 

9.44201 

10  55799 

10.01602 

10.57401 

32 

29 

9.42644 

9  98395 

9.44250 

10.55750 

10.01605 

10  57356 

3* 

3° 

9.42690 

9,98391 

9.44299 

10,5570* 

10.01609 

10.57310 

3° 

Sine. 

Tang.  | 

Secant. 

a 

74  Degrees. 

2 

% 
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Tangents,  and  Secants. 

1 5  Degrees, 


|  Min. 

Sine. 

Tang. 

3° 

3 1 

32 

33 

34 

9.42690 

9*42735 

9.42781 

9.42826 

9.42872 

9.98391 
9.98388 
9.98384 
9 98381 
9*98377 

9*44299 

9-44348 

944397 

944446 

9.44495 

35 

36 

37 
33 
39 

9.42917 
9.42962 
9  43008 

9-43053 

9.43098 

9.9S374 

9.9837° 

9.98366 

9.98363 

9.98359 

9*44544 

9.44592 

9.44641 
9.44690 
9 44738 

40 

42 

43 

44 

9*43*43 
9.431 88 

9*43233 

9.43278 

9-43323 

9.98356 

9.98352 

9.98349 

9-98345 

9-9834z 

9.44787 

9.44836 

9.44884 

9  44933 
9  44981 

45 

46 

47 

48 

49 

9.43368 

9.43412 

9*43457 

9.43502 

9  43546 

9.98338 

9-98335 

9.98331 

9.98327 

9.98324 

945029 
9.45078 
9.45 126 

9  45*74 
9*45223 

5° 

51 

52 

53 
.54 

9-43591 

9*43635 

9.43680 

9,43724 

9*43769 

9.98320 

9.98317 

9.98313 

9.98309 

9.98306 

9-45  27 1 
9.45319 
9.45367 
9.45415 

9*45463 

55 

56 

57 

5n 

59 

60 

9.43813 

9-43^57 

9.43901 

9.43946 

9.43990 

9.44034 

9.98302 

9.98299 

9.9829; 

9.98291 

9.98288 

9.98284 

9  45  5 1  1 

945559 

9.45606 

945654 

945702 

945750 

1 

Sine. 

Secant. 

I0-55701 

10.01609 

10.5731° 

3° 

1 0.5565  2* 

10.01612 

10.57265 

29 

10.55603 

10  01616 

10.57219 

28 

1055554 

10.01620 

10.57174 

27 

10.55505 

10  01623 

10.57128 

26 

10.55457 

10.01627 

10.57083 

25 

10.55408 

10.01630 

10.57038 

24 

1055359 

10  01634 

10  56993 

23 

10  55310 

10.01637 

10.56947 

22 

10.55262 

10.01641 

10.56902 

21 

10.55213 

10.01644 

10  56857 

20 

10.55164 

10.01648 

10  56812 

*9 

10  55116 

10.0165 1 

10.56767 

18 

10  55067 

10  01655 

10.56722 

*7 

10.55019 

10  01658 

10.56677 

16 

1054971 

10.01662 

10.56633 

^5 

ro.  54922 

10.01666 

10.56588 

*4 

10.54874 

10  01669 

c  0.56543 

*3 

10. 54826 

10.01672 

10.56498 

12 

10.54778 

10.01676 

10.56454 

1 1 

10.54729 

10  01680 

10.56409 

10 

10  54681 

10  01683 

10.56365 

9 

*°-54635 

10.01687 

10.56320 

8 

10-54585 

10.01691 

10.56276 

7 

E  °-545  3  7 

10  01694 

10.56231 

6 

10.54489 

10,01698 

10  56187 

5 

*05444* 

10.01701 

10  56*43 

4 

10.54394 

10.01 705 

10  56099 

3 

10.54346 

10  01709 

10  56054 

2 

10  54298 

10.01712 

10  56010 

1 

10  54250 

10.01716 

10.55966 

0 

Tang. 

Secant. 

c 

74  Degrees. 
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A  Table  of  Artificial  Sines, 

16  Degrees. 

g| 

Sine. 

Tang. 

Secant. 

o 

9*44°34 

9.98284 

94575° 

10.54250 

10.01 716 

10.55966 

60 

t 

9.44078 

9.98281 

945797 

1 0.54203 

10.01 720 

10.55922 

59 

2 

9.441 22 

9.98277 

945845 

10  54155 

1  0.01 723 

10.55878 

58 

3 

9  44166 

9  98273 

945893 

1054108 

1 0. 01 727 

1  °.  5  5  83  4 

57 

A 

1 

9.44210 

9.98270 

9  45940 

10.54060 

1 0. 01 730 

*0-5579° 

5^ 

5 

9.44254 

9.98266 

9.45988 

10.54013 

>0.01734 

io  55747 

55 

6 

9.44297 

9.98262 

9.46035 

10.53965 

10.01738 

IO-557°3 

54 

7 

9  44341 

9  98259 

9  46082 

10.53918 

io  01 741 

1  °-5  5  65  9 

53 

8 

9  44385 

9.98255 

9.46130 

10.5387° 

i  O.Ol  745 

10.55615 

52 

9 

9.44428 

9  9825 1 

9.46177 

10.53823 

10.01  749 

>055572 

IO 

9.44472 

9.98248 

9.46224 

10.53776 

10.01752 

10.5  5  528 

5° 

1 1 

9.44516 

9.93244 

9.4627 1 

10.53729 

10.01756 

.0.55485 

49 

I  2 

944559 

q  98240 

9  463*9 

10.53681 

1 0.0 1 760 

10.55441 

48 

13 

9.44603 

9.98237 

9  46366 

10.53634 

10. 01 763 

!°  55398 

47 

f  4 

9.44646 

9.98233 

9  464i3 

10.53587 

10.01 767 

<0  55354 

46 

15 

q. 44689 

9.98229 

9  46460 

10.5354° 

10.01771 

1 0.5531 

45 

16 

944733 

9  98226 

946507 

10  53493 

10.01 774 

10  55267 

44 

'7 

944776 

9  98222 

9.46554 

10  53446 

10. oi 778 

10.55224 

43 

18 

9.44819 

998218 

9.46601 

1  °*  5  3399 

10  01782 

10  5518 

42 

*9 

9  44862 

9.9821  5 

9.46648 

10.53352 

1 0  01781; 

•0.55138 

4 1 

20 

9.44905 

9  9821 1 

9  46695 

10.53306 

.0.01 789 

io  55095 

40 

2 1 

944949 

9.98207 

946741 

10.53259 

10.01793 

10.5505  2 

39 

22 

9  44992 

9.98204 

9.46788 

10  53212 

10. 01 797 

10,55009 

38 

23 

945°35 

9.98200 

946835 

10  53165 

to.oi  Boo 

10.54966 

37 

24 

9  45078 

9.98196 

9  46881 

IO  53119 

10. 01 804 

!0- 54923 

36 

25 

9.45 1 20 

9.98192 

9.46928 

1°. 53072 

10. 01 808 

IO  5488C 

35 

26 

9  45 1 63 

9.981  89 

946975 

10.53025 

10  0181 1 

IO.54837 

34 

27 

9.45206 

9  98185 

9.47021 

10.52979 

10.01 815 

IO  54794 

33 

28 

945249 

9.981  81 

9  47068 

10.52932 

10  01819 

1 0  5  47  5 1 

32 

29 

945292 

9.98177 

9471 1 4 

10.52886 

1 0  01823 

10  54709 

3 r 

30 

9  45334 

9.98174 

9  47161 

10.52840 

10.01 826 

10  54666 

30 

Sine. 

Tang. 

Secant. 

d 

73  Degrees. 

- 

a 

\ 
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Tangents, 

and  Secants. 

1 6  Degrees.  1 

*j  1 

►—  • 

P 

Sine. 

4 

Tang. 

Secant. 

3° 

9  45334 

9  98l74 

447161 

1 0.5  2840 

1 0.01  826 

10.54666 

30 

3 1 

9  45377 

9  98170 

9  472°7 

10.52793 

1 001 830 

1 0  54623 

29 

32 

9.45419 

9.98 166 

9.47253 

10.52747 

10. 01 834 

10.54581 

28 

33 

9.45462 

9  98162 

9.47300 

10.52701 

10.01838 

10.54538 

27 

34 

9*455°4 

9*98i59 

94-346 

10  5  2654 

10.01 841 

10  54496 

26J 

35 

9  45547 

998155 

9.47392 

1 0.5  2608 

10  01845 

[0.54453 

25 

36 

9.45589 

9.9815! 

9  47438 

10.5  2562 

10. 01 849 

1 0. 5  44 1 1 

24 

37 

9*45632 

9.98147 

947484 

10  52516 

10.01 853 

10  54368 

23 

38 

9.45674 

998144 

947530 

10.52470 

10. 01 856 

10.54326 

22 1 

39 

945716 

9  98140 

9.47576 

10.52424 

1 0.0 1 860 

10  54284 

2 1  j 

40 

9.45758 

9  981 365947622 

10  52378 

10.01  864 

to  54242 

201 

41 

9  45801 

9.981 32  ^947668 

10  52332 

10.01 868 

10  54199 

*9 

42 

945843 

9.981291947714 

10.522861 10.01 872 

10.54157 

18 

43 

945885 

9981 25 

9  477°° 

10.52240 

1 0.01 875 

10.541 1 5 

1  7 1 

44 

94592- 

9.98 121 

947806 

10. 52194 

ic.01 879 

10  54073 

16 1 

45 

945969 

9 98lI7 

9.47852 

10.52148 

10.01  883 

10.54031 

46 

94601 1 

9.98113 

947898 

10.52103 

10. 01 887 

10.53989 

•4 

47 

9  4605^9.981 10 

9  47943 

10.52057 

ic.01 891 

10.53947 

1 3 

48 

946095 

i  9  98106 

9.47989 

10.5  201 1 

10. 01 894 

10.53905 

1 2 1 

49 

946136 

9  98102 

9.48035110.51966 

1001  898 

10  53864 

1 1 

5° 

9  46178 

9.98098 

9.48080 

10.5 1920 

10.01902 

10.53822 

i° 

5 1 

9.46220 

9.98094 

9  481 26  10.5 1 874 

10.01906 

10.53780 

9 

52 

9  46266 

9.98090 

9.48171 

110.5 1 829 

10.01910 

i°-53738 

8 

53 

946303 

9  98087 

948217 

10.51783 

ic.019 1  3 

1,0.53697 

A 

54 

9  4^45 

9.98083 

9 48262 

10.51738 

10.01917 

1 0.5  36  5  5 

6j 

55 

9  46586 

9.98079 

948308 

:  10.5  1 693 

10.01921 

10.53614 

5 

56 

q  46428 

998075 

9  48353 

10  51647 

10.01925 

10.53572 

4 

57 

94646c 

9.98071 

94.8398 

10  5 1602 

10.01929 

10.53531 

3 

>8 

946511 

9.98067 

948444 

i°  51557 

[0.01933 

10.53489 

2 

59 

946555 

9  98064 

948489 

10.5151 1 

10  01937 

10.53448 

1 

|6c 

946594 

9  9806c 

9-48534 

10.51466 

10.01940 

IO-534°7 

o 

I 

Sine. 

Tang. 

|  Secant. 

c 

*  *“*  j 

7  3  Degrees. 

2 

/ 
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A  Table  of  Artificial  Sines, 


i 7  Degrees. 


60 

59 

58 

57 

56 


55 

54 

53 

52 

5*. 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

11 

40 

39 

38 

37 

36 

35 
34 
33 
32 
3 1 

If 

c 

£ 


Min. 

Sine. 

Tang. 

0 

1 

2 

3 

4 

9.46594 

9.46635 

9.46676 

9.46717 

9.46759 

9.98060 

9.98056 

9.98052 

9.98048 

9.98044 

9.48534 
9.48579 
9  48624 
9.48669 
9.48714 

5 

6 

7 

8 
9 

9.46800 

9.46841 

9.46882 

9.46923 

9.46964 

9.98040 

9.98036 

9.98033 

9.98029 

9.98025 

9.48759 

9.48804 

9.48849 

9.48894 

9.48939 

10 

1 1 

1 2 

13 
*4 

9.47004 

9.47046 

9.47086 

947I27 
9  47168 

9.98021 
9.98017 
9.98013 
9.98009 
9  98005 

9.48984 
9.49029 
9.49073 
9.491 18 
9.49163 

*5 

16 

1 7 

18 

19 

9.47209 
9.47249 
9.47290 
947330 
9  47 3  7 1 

9.98001 

9.97997 

997993 

9.97990 

9.97986 

9.49207 

9.49252 

9.49297 

9-4934* 
9  49385 

20 

21 

22 

23 

24 

9474*2 

947452 

9.47492 

947533 

947573 

9.97982 

9.97978 

9  97974 
9.97970 

9.97966 

9-4943° 

9.49474 

9-495*9 

9-49563 

9.49607 

25 

26 

27 

28 

29 

3° 

947^3 

9  47654 

9.47694 

947734 

947774 

947814 

9.97962 

9.97958 

9-97954 

9.97950 

9  97946 
9.97942 

9.49652 

9.49696 

9  4974° 
9.49784 

9.49828 

19.49872 

Sine.  | 

72  D 

Secant. 

10.51466 
10.51421 
10.51376 
10.51331 
10.5 1 286 

10.01940 
10.01944 
10.01948 
10.01952 
to  01956 

*°-534°7 

10.53365 

*°*S3324 

10.53283 

10.53242 

10.51241 
10.51 196 
10.51 1 51 
10.5 1 106 
10.51061 

10  01960 
10.01964 
10.01968 
10.01971 
10.01975 

10.53200 

‘0-53*59 
10.53 1 1 8 

*°-53°77 

*°-53°37 

10.5 1016 

10.50971 

10  50927 
10.50882 
10.50837 

10.01979 
10.01983 
10  01987 
10.01991 
10.01995 

*°  52995 
10.52955 

10.52914 
10.52873 
,10  52823 

10.50793 
10.50748 
to  50704 
10.50659 
10.5061  5 

10.01999 

10.02003 

10.02007 

10.0201 1 
10.0201 5 

,0-5279* 
10.5275 1 

10  52710 
10.52670 
10.52629 

10.50570 

10.50526 

10.50481 

10.50437 

*0.50*93 

10.0201 8 

10.02022 

10.02026 

10.0203c 

10.02034 

10  52589 
10.52548 
10.52508 
10.52467 
10.52427 

10.50349 
10.50304 
xo. 50260 
10,50216 
10.501 72 
10.501 28 

10.02038 

10.02042 

10.02046 

10.02050 

10.02054 

10.02058 

10.52387 
10.52346 
to. 52306 
to  52266 
10.52226 
10  52186 

Tang. 

Secant. 

rees - 


-- V 


m 


■ 


[  459  3 


Tangents, 

and  Secants. 

1 7  Degrees. 

% 

5 

• 

Sine. 

• 

Tang. 

.. 

Secant. 

3° 

9.47814 

9  97942 

9.49872 

10  50128 

10.02058 

10.521 86 

3° 

3 1 

9.47854 

9.97938 

9.49916 

IC. 50084 

10.02062 

1 0.52 146 

29 

32 

9.47894 

9-97934 

9  49960 

10.50040 

10.02066 

10.52106 

28 

33 

9  47934 

9  97930 

9  50004 

10.49996 

10.02070 

10.52066 

27  , 

34*9  47974 

9.97926 

9,50048 

10  49952 

10.02074 

io.  52026 

26 

35_ 

9.48014 

9.97922 

9.50092 

10.4990'“ 

10.02078 

10.5 

986 

2  5 

36 

9.48054 

9  979  * 8 

9-501 36 

10.49864 

10.02082 

10.5 

946 

24  . 

37 

9.48094 

9.97914 

9.501 80 

10  49820 

ic. 02086 

10.5 

906 

23  ' 

38 

9.48133 

9.97910 

9.50224 

10.49777 

10.02090 

10.5 

86; 

2  2  ; 

39 

9  48173 

9.97906 

9.50267 

io-49733 

10.02094 

10.5 

827 

21 

4° 

9.48213 

9.97902 

9.50311 

10.49689 

10.02098 

10.5 

787 

20 

4* 

9.48253 

9  97898 

9-5°3S5 

10.49645 

10.02102 

10.5 

748 

19  . 

42 

9.48292 

9.97894 

9  50398 

10.49602 

10.02106 

10.5 

708 

18  , 

43 

9.48332 

9.97S90 

9.50442 

10.49558 

10  02110 

10.5 

668 

*t 

17 

44I9.48371 

9.97886 

9.50485 

10.4951 5 

IOO2M4 

10  5 

629 

l6  l 

45 

9.4841 1 

9.97882 

9.50529 

10  49471 

10.021  l8 

10.5 

589 

15  ( 

46 

9.4845° 

9.97878 

9.50572 

10.49428 

10.021 22 

10.5 

550 

14  l 

47 

9.4849019.97874 

9.50616 

10.49384 

10-021  26 

10.5 

51 1 

*3 

48 

9.48529,9  97870 

9.50659 

10.49341 

10.021  30 

10.5 

47 1 

1 2 

49  j  9.48  q  o» 

9  97866 

9.50703 

10.49297 

10.021  35 

10.5 

432 

11  i 

50)9. 48608 

9.97862 

9.50746 

10.49254 

IO  O2139 

IO  5 

393 

10 

51-9.48647 

9.97857 

9.50789 

10.4921 1 

IO.O2I43 

10.5 

353 

9 

52  ■  9.48686 

9.97853  9.50833 

IG  49167 

10  02147 

10.5 

3*4 

8  - 

5319.48725 

9.97849 

9.50876 

IO.491  24 

10.02151 

10.5 

275 

7  • 

5419.48764 

9.97845 

9.50919 

IO.49081 

IO.O2155 

10.5 

236 

6  f 

55  9.48803 

9.97841 

9.50962 

IO.49038 

IO.O2159 

io  5 

1 97 

5  : 

56  9.48842 

9.97837 

9.51005 

5O.48995 

IO  02163 

10.5 

158 

4 

37 

9.48881 

9.97833 

9.51049 

IO.48952 

IO.O2167 

10.5 

119 

3  ; 

58 

9.48920 

9.97829 

9.51092 

IO.48908 

IO  021 7 I 

10.5 

080 

2 

39 

9.48959 

99^825 

9-51*35 

IO.48865 

10  02175 

10.5 

041 

1 

60 

9.48998 

9  97821 

9.51178 

IO.48822 

10.02179 

10.5 

002 

0 

Sine. 

Tang. 

Secant. 

♦ 

.5  i 

^ _  7  2  Degrees. 

s 
^  • 

— ■ 


.I; 


i 


2  A 


.  w. 

* 


[  46°  3 


A  Table  of  Artificial  Sines, 


1 8  Degrees. 


Sine. 


o  9.48998 

1  9  49°37 

2  9-49°76 
9  49T 1 5 
9-491 53 


3 

4 


9-49*92 

9.49231 

7  9-4927o 
9  493oB 
9-49347 


8 

io 


1 1 

1 2 

13 

14 


9.97821 

9*978i7 

9-978i4 
9  97808 

997804 


9.97800 

9.97796 

9.97792 

9  97788 
9.97784 


9.49385  9-97779 


9.49424 

9.49462 

9*49  501 


9-97775 

9  9777 1 
9.97767 


9-49539  9  97763 


15  9  49577  9-97759  9  5,8*9 

1 6  9-496l5  9  97754  9  5l86* 


17 

18 

12 

20 

2! 

22 

23 

24 

25 

26 

27 

28 

29 

30 


9.49654  9  9775° 
9.49692  9  97746 

9  49730  9  Q7742 


9.49768 

9.49806 


Tang. 


9.51178 
9.51221 
9.51264 
9.5 1306 
9*  5 1 349 


9  5 1 392 
9  5 1 43  5 

9  5 1 478 
9.5 1 520 

9  5 1 563 


9.5 1606 
9.51648 
9.51691 

9-5 1 734 
9.51776 


10.48822 

IO-48779 

10.48737 

10.48640 
10.4865 1 


10.48608 

10.48565 

10.48522 

10.48480 

10.48437 


9  97738 
,  ..  9-97734 

9.498449.97729 

9.49882  9«97725 


9.49920 


9.49958 
9.49996 
9.50034 
9.50072 
9.501 10 


9.97721 


9.97717 

9.97713 

9.97708 

9  97704 
9.97700 


9.501 58 9  97696 


Sine. 


10.48394 
10.48352 
10.48309 
10.48267 
10  48224 

10.48 1  81 
10.48139 
9.51903  10.48097 
9  5 1 946',  1  o  48054 
9.5 1988110.4801 2 

9~5^o3~1!IO-4797° 

9.52073I10.47927 


Secant. 


10.02179 
10.02184 
10.021 88 
10.02192 
10.02196 


10.02200 
10.02204 
10.02208 
10.0221 2 
10.02217 

10.02221 
10.02225 
10.02229 
10.02233 
10  02237 


10.5 1002 
10.50963 
10.50924 
10.50885 
10.50847 


10.50807 

10.50769 

10.50731 

10.50692 

10.50653 


9.52115 

9.52157 

9.52200 

9.52242 
9.52284 
9  52326 
9.52368 
9.52410 
9.52452 


10.47885 

10.47843 

10.47801 


10  47758 
10.47716 
10.47674 
10.47632 
10.4759° 
10  47548 


Tang. 


10.02241 

10.02246 

10.02250 

10.02254 

10.02258 


10.5061 5 
10  50576 
10.50538 
10  50500 
10.50461 

10.50423 

10.50385 

10.50346 

10.50308 

10.50270 


60 

59 

58 

57 

S6 


55 

54 

53 

52 

£1 

5° 

49 

48 

47 

46 


10.02262 
10.02267 
10  02271 
10.02275 
10.02279 


10.02283 

10.02288 

10.02292 

10.02296 

10.02300 

10.02304 


10.50232 
10.50194 
10.501 56 
10.501 1 8 
10.50080 


45 

44 

43 

42 

11 

40 

39 

38 

37 

36 


10.50042 
10.50004 
10  49966 
10  49928 
10  49890  3 
10  49852 


Secant. 


71  Degrees .. 


35 

34 


33 

32 

1 


30 


[  461  ] 


Tangents,  and  Secants. 


1 8  Degrees. 


3° 

3» 

32 

33 

34 


35 

36 

37 

38 

12 

40 

41 

42 

43 

44 


45 

46 

47 

48 

49 


5° 

5 1 

52 

53 

54 

55 

56 

57 

58 

59 

60 


Sine. 

Tang. 

Secant. 

r 

10  47548 
10  47506 
10.47464 
10.47422 
10  47380 

io. 02304 
10.02309 
10  023 1 3 
10.023 17 
10  02321 

10.49852 
10.49815 
1049777 
10  49739 
10.49702 

9.501 48 
y. 50185 
Q,  C 02 2 ^  i 
9.50261 1 
9  50298 

9.97696 

9.97691 

9.97687 

9  97683 
9  97679 

9.52452 

9.52494 

9.52536 

9.52578 

9.52620 

9.97675 
9.97670 
9.97666 
9  97662 
9.97657 

9.52662 

9  527°3 
9.52745 

9  52787 

9.52829 

1°  47339 
io. 47297 
10  47255 
10.47213 
10.47172 

1*0  02326 
10.02330 
10.02334 
10.02338 
10.02343 

10.49664 

10.49627 

10.49589 

1 0  495  5  2 
IQ-495H 

9*  5°3  3  6| 
9-5°374; 
9  5°41 1 

9-5°449j 

9.50486! 

9.50523 

9.50561 

9.50598 

9.50635 

9.50673 

9  97653 
9  97649 
9.97645 
9.97640 
9.97636 

9  52870 
9.5291 2 

952954 

9.52996 

9-53°37 

10.47130 
10.47088 
10  47047 
10.47005 
10.46963 

10.0234  7 
10.0235 1 
10.02355 
10.02360 
10.02364 

10.49477 
10  49439 
10  49402 
10.49365 
10  49327 

10.02368 
10  02373 
10.02377 
10  02381 
10.02385 

10.49290 
10.49253 
10  49216 

IO-49179 
10  49142 

9.507 10 

9-5°747 

9.50784 

9.50821 

9.50859 

9.97632 

9.97628 

9.97623 

9.97619 

9.97615 

9.53078 

9  53 120 
9.53161 
9  53203 

9-53244 

9.53285 

9-53327 

9.53368 

9.53409 

9-5345° 

6.53492 

6-53533 

6-53574 

6.53615 

6.53656 

6.53698 

1 0  46922 
10  46880 
10.46839 
10.46798 
10.46756 

9.50896 

9-5°933 

9.50970 

9.5 1007 

9.51043 

9.97610 

9.97606 

9.97602 

9-97597 

9-97593 

10.467 1 5 
10.46673 
10  46632 
10.4659 1 
10.46550 

10  02390 
10.02394 
10  02398 
10.02403 
10.02407 

10.49104 

10*49067 

10.49030 

10.48994 

10.48957 

9.5 1080 

9  5 1 1 1 7 
9-5 1 1 54 

9  5 1 1 9 1 

9.5 1 228 

9.5  1264 

9.97589 
9.97584 
9  97580 
9.97576 
9.97571 

9,97567 

10.46508 
10.46467 
10.46426 
10.46385 
10.46344 
10  46303 

10.0241 1 
10.02416 

1 0  02420 
10.02424 
10*02429 
10  0243  3 

10.48920 
10.48883 
it). 48846 
10.4.S809 
10.48773 
"10.48736 

'  Sine. 

Tang,  t 

Secant. 

3° 

29 

28 

27 

26 

25 

24 

23 

22 

2  I 


20 

>9 

18 

17 

t6 


7  1  Degrees. 


l5 

H 

13 

12 
1 1 


10 

9 

8 

7 

_6 

7 

4 

3 

2 

1 

o 


[  462  j 


A  Table  of  Artificial  Sines, 

19  Degrees. 

g 

3 

Sine. 

Tang. 

Secant. 

0 

9.5 1264. 

9.97567 

9.53697 

10.46303 

10.02433 

10.48736 

60 

J 

9.51301 

9.97563 

9-53738 

10.46262 

10.02437 

10.48699 

59 

2 

9-5 1 33s 

9.97558 

9-53779 

10.46221 

10.02442 

10.48663 

58 

3 

9  5  1 374 

9  97554 

9.5382° 

10.461 80 

10.02446 

10.48626 

57 

4 

9-5*4* 1 

9-9755° 

9  53861 

10.46139 

10.02450 

10  48589 

56 

5 

9-5*447 

9-97545 

9.53902 

10.46098 

10.02435 

*0.48553 

55 

t 

9.5*484 

9.9754* 

9-539+3 

10.46057 

10.02439 

*0.485 16 

54 

7 

9*5*5  20 

9-97537 

9.53984 

10.46016 

10.02464 

10.48480 

53 

8 

9- 5 1 557 

9  97  ?  3  2 

9.54025 

10.45976 

10.02468 

10.43443 

52 

9 

9-5*593 

9.97528 

9.34065 

10.45935 

10.02472 

*0.48407 

5* 

IC 

9.5  1629 

9-97523 

9.54106 

10.45894 

10.02477 

10.48371 

5° 

1 1 

9  51666 

9  975*9 

9.54147 

10.45853 

10.0248 1 

10.48334 

49 

1 2 

9.5 1702 

9-975*5 

9.54188 

10.43813 

10.02486 

10.48298 

48 

1 3 

9.51738 

9.97510 

9.54228 

*0.457-72 

10.02490 

10  48262 

47 

H 

9-5*775 

9  97506 

9.54269 

10.45731 

10.02494 

10.48226 

46 

*5 

9.5 18 1 1 

9.9750* 

9-543°9 

10.45691 

10  02499 

10  48189 

45 

16 

9.51847 

9-97497 

9.5435° 

10.45650 

10.02503 

10  48*53 

44 

'7 

9.5 1833 

9-97493 

9-5439* 

10.45610 

10. 0^508 

*0.48 1 17 

43 

18 

9-5  *9*9 

9.97488 

9-5443* 

10.45569 

ic.025 1 2 

10.48081 

42 

iQ 

9-4*955 

9.97484 

9.54472 

10.45  528 

10.025 16 

10.48045 

a* 

■ 

2C 

9.5*991 

9-97479 

9.545*2 

10.45488 

10.02521 

10.48009 

40 

21 

9.52027 

9-97475 

9.54552 

10.45448 

10.02525 

*0.47973 

39 

22 

9.52063 

9  9747° 

9-54593 

10.45407 

10.02530 

*0-47937 

3« 

23 

9.52099 

9.97466 

9-54633 

10.45367 

10.02534 

10.47901 

37 

24 

9  52I35 

9.97461 

9-54673 

10.45327 

10  02539 

1 10.47865 

36 

25 

9*  5  2  *  7 1 

9  97457 

9.54714 

10.45286 

10.02543 

10.47829 

35 

26 

9.52207 

9-97453 

9-54754 

10.45246 

10.02548 

*o-47793 

34 

27 

9  52242 

9.97448 

9-54794 

10.45206 

10.0255 1 

*0.47758 

33 

28 

9.52278 

9  97444 

9-54835 

10.45  *66 

10.0255  6 

'*0.47722 

32 

29 

9.52314 

9-97439 

9.54875 

10.45  *  25 

10.02561 

10.47686 

3* 

9.52350 

9-97435 

9-549*5 

10  45085 

10.02565 

10.4765 1 

3° 

.  Sine. 

Tang. 

Secant. 

d 

70  Degrees. 

CT\'-'"»  m  u>  u  u>  m  w  w  w  w  w  I  . 

O  'O  OONl  cys^n  |-{v<-k)  n  <->  O  CG'<J  0^'~n  14“  <-*»  N  -*  O  O  00-^J  Os^i  -f>  w  N  «  o  I 


9.^2350 
9.52385 
9.52421 
9.52456 
9  C2492 


9  52528 
9.52563 
9.52598 
9.52634 
9.52669 


9.52705 
9.52740 
9.52775 
9.528 1 1 
9.52846 


9.5288 1 
9.52916 
9.5295 1 
9.52986 

9  53°22 


9  53057 

9*53°92 

9.53127 

9*  5  3 1 6 1 

9-?3*96 


9.53231 
q. 53266 

9-533°* 
9-53336 
9*53370 
9  53405 


9-97435 
9-9743° 
9  97426 
9-97421 
9-974*7 


q  97412 
9  97408 
9-97403 
9  97399 
9  07394 


9.97390 
9  97385 
9  9738i 
9  97376 
9.97372 


9*9 7367 
9-97363 
9-97358 
9-97354 
9-97349 


9.54915 

9-54955 
9-54995 
9-55035 
9  55075 


9  55**5 
9-55*55 
9.55*95 
9  55235 
9-5527s 


10.45085 

10.45045 

10.45005 

1044965 

*0  44925 

10.44885 
10.44845 
10.44805 
*0.44765 
10  44725 


9  553*5 
9  55355 
9-55395 
9*55434 
9  55474 
9.55514 

9-55554 
9-55593 
9  55633 

9-55673 

9.97344  9.55712 
9.97340 


9-97335 
9-9733  * 
9  97326 


9-55752 

9  5579* 

9.55831 

9.55870 


9  97322  9  559*o 


9-973*7 
9  973*2 
9  973o8 
997303 
9  97299 


Sine. 


9-55949 

9.55989 

9.56028 
9.56067 
9.561 07 


10.44685 

10.44645 

10.44605 

10.44566 

10.44526 

10.44486 

10.44446 

*0-44407 

10.44367 

10.44327 


10.44288 
10  44248 
10.44209 
10.44169 
10  4413-0 


10.44090 
10.4405 1 
10  44012 

*0  43972 
10.43933 
10.43893 


Tang;. 


70  Degrees.  . 

*>'.  .....  1.  f-r.  -.i.i  1  — ■ 


10.02587 
10.02592 
10  02597 
10  02601 
10  02606 

10.47473 

10.47437 

10.47402 

10.47366 

10.4733* 

10  02610 
10  02615 
10.02619 
10  02624 
10.02628 

10.47295 
10.47260 
10  47225 
10.47190 
iio. 47154 

10  02633 
10  02637 
10  02642 
10.02647 
10  0265 I 

10.471 19 
10.47084 
10.47049 
10.47014 
10.46979 

10  02656 
10  02660 
10.02665 
10  02669 
10.02674 

10.46944 
10.46909 
10. 46874 
10.46839 
10.46804 

10.02679 

10.02683 

10.02688 

10.02692 

10.02697 

10.02701 

10  46769 
10.46734 
10.46699 
10.46664 
10  46630 
10  46595 

Secant. 

[  463  J 


Tangents,  and  Secants. 


19  Deg 


T 

rees. 


Sine. 


Tang. 


Secant. 


H  h  2 


■2^ 


10.02565  j  10  4765 1 
10.02570)  10.47615 
10.02574110.47579 
10.02579  10.47544 
10  02583  10.47508 


. .  .  -.  ■  _  ■  • .  -  -  • 


[  464  ] 


A  Table  of  Artificial  Sines, 

20  Degrees. 

UHAJ  I 

Sine. 

Tang. 

Secant. 

o 

9  53405  $ 

)*97299 

3.56107 

[0.43893 

[0. 02701 

10.46595 

60 

i 

9.53440  ( 

5.97294 

3.56146 

10.43854 

10.02706 

10.46560 

59 

2 

9-53+75  < 

5.97289 

9.56185 

10.438 18 

10.0271 1 

10.46526  58 

3 

9-53509  ' 

3.97285 

9.56224 

H). 43776 

10.02715 

10.46491 

57 

:J 

9  53544 

9.97280 

9.56264 

10  43736 

10.02720 

10.46456  56 

5 

9-53578 

9.97276 

9.56303 

IO.43697 

10.02725 

10.46422J 

55 

6 

9*  5  36 1 3 

9.97271 

9.56342 

IO.43658 

10.02729 

10.46387 

54 

7 

9-53647 

9.97266 

9.56381 

IO.43619 

10.02734 

10.46353 

53 

8 

9  53682 

9.97262 

9.56420 

IO.43580 

10.02738 

10.46318 

52 

9 

9.53716 

9.97257 

9.56459 

10  43541 

10.02743 

10.46284} 

51 

10 

9  5375 1 

9.97252 

9.56498 

10.43502 

10.02748 

10.46249I 

5° 

1 1 

9-53785 

9.97248 

9-56537 

1043463 

10.02752 

10.46215 

49 

1 2 

9*5  3  8 1 9 

9-97243 

9.56576 

10.43424 

10.0275; 

10.46181* 

48 

*3 

9-53854 

9.97238 

9.56615 

10  43385 

10.02762 

10.46146 

47 

\!± 

9.53888 

9.97234 

9.56654 

*0.43346 

10.02766 

10.461 1 2 

46 

*5 

9.53922 

9.97229 

9.56693 

10.43307 

10.0277 1 

10.46078 

145 

16 

9-53957 

9.97225 

9.56732 

10.43268 

10.02776 

10.46044  44 

i7 

9-53991 

9.97220 

9.5677* 

10.43229 

10.02780 

10.46009 

43 

1 8 

9.54025 

9.97215 

9.56810 

10.43190 

10.02785 

*°-45975 

U2 

*9 

9.54059 

9.9721 1 

9.56849 

10.43  *  5 1 

10,02790 

*°-4594* 

4* 

20 

9.54093 

9.97206 

9.56887 

10.431 13 

10.02794 

10.45907 

40 

21 

9-54 1 27 

9.97201 

9.56926 

10.43074 

10.02799 

10  45873 

39 

22 

9.54161 

9-97  !96 

9.56965 

10.4303 

10.0280.: 

10.45839  3° 

23 

9-5  4*95 

9-97*92 

9.57004 

10.42996 

10.02808 

10.45805 

37 

2^ 

9.54229 

9.97187 

9.57042 

10.42958 

10.02813 

10.45771 

36 

25 

9.54263 

9.97182 

9.5708 1 

10.42919 

10.028 18 

10.45737 

35 

2 1 

9.54297 

9.97178 

9.5712c 

>  10.4288 1 

10.02822 

10.45703 

,34 

27 

9  5433 1 

9-97*73 

9.57158 

M  IO.42842 

10.02827 

10.4566c 

7  33 

2^ 

9-54365 

9.97168 

9*57 1 97 

IO.42803 

10.02832 

10.4563; 

32 

2C 

9-54399 

9.9716^ 

1-  9-57235 

IO.42765 

10.02837 

10.4560 

3* 

3^ 

5  9-54433 

9-97 1 59 

>  9'57274 

(.  IO.42726 

10.02841 

10.4556^ 

3  30 

Sine. 

Tang. 

Secant. 

d 
•  •— < 

69  Degrees. 

- 

[  465  ) 


Tangents, 

and  Secants. 

20 

Degrees. 

4 

$ 

5 

Sine. 

Tang. 

Secant. 

3° 

9-54433 

9*97 1 59 

9.57274 

10.42726 

10.02841 

10.45568 

30 

3i 

9.54466 

9.97154 

9.57312 

10.42688 

10.02846 

10.45534 

29 

32 

9-545°° 

9.97149 

9-5735  1 

10  42649 

10.0285 1 

10,45500 

2  0 

33 

9-54534 

9-97H5 

9-57389 

10.4261 1 

10.02855 

10.45466 

27 

34 

954567 

9.97140 

9.57428 

10.42572 

10.02860 

10.45433 

20 

35 

g. 54601 

9-97135 

9.57466 

10.42534 

10.02865 

10.45399 

25 

36 

9-54635 

9.97130 

9.57504 

10.42496 

10.02870 

10.45365 

24 

37 

q  54668 

9.971 26 

9-57543 

10.42457 

10.02874 

10.45332 

23 

38 

9  54702 

9  9712 1 

9.57581 

10  42419 

10.02879 

10.45298 

22 

39 

9-54735 

9.971 16 

9.57619 

10.42381 

10.02884 

10.45265 

2 1 

40 

9.54769 

9.971 1 1 

9.57658 

10.42342 

10.02889 

10.45231 

20 

41 

9.54802 

9-97 1  °7 

9.57696 

10.42304 

10.02893 

10.45 198 

x9 

•  O 

42 

9.54836 

9.97 102 

9-57734 

10.42266 

10.02898 

10.45 164 

1 0 

43 

9  54869 

9.97097 

9.57772 

10  42228 

10.02903 

10.4513 1 

x7 

T  A 

44 

9-549°3 

9.97092 

9.57810 

10  42190 

10  02908 

10  45097 

1  0 

45 

9-54936 

9.97087 

9.57849 

10  4215 1 

10.02913 

10.45064 

x5 

46 

9.54969 

9.97083 

9.57887 

10  421 13 

10.02917 

10.4503 1 

x4 

47 

9.55003 

9.97078 

9  57925 

10.42075 

10.02922 

IO-44997 

x3  | 

48 

9.55036 

9.97073 

9-57963 

10.42037 

10.02927 

10.44964 

1 2  | 

49 

9.55069 

9.97068 

9.58001 

>0  4X999 

10.02932 

10.4493 1 

1 1 

5° 

9.55 102 

9.97064 

9.58039 

10.41961 

10  02937 

10.44898 

10 

5 1 

9-55 1 36 

9.97059 

9.58077 

10.41923 

10.02941 

10. 44864 

9 

O 

52 

9-55 1 69 

9-97°54 

9.58115 

10.41885 

10.02946 

10.4483 1 

0 

53 

9.55202 

9.97049 

9.58153 

10.41847 

10.0295 1 

10.44798 

7 

54 

955235 

9.97044 

9.58191 

10  41809 

10.02956 

10  44765 

0 

55 

g. 55268 

9.97039 

9.58229 

10.41771 

10.02961 

10.44732 

5 

56 

9-553°! 

9-97°35 

9.58267 

10  41734 

10.02966 

10.44699 

4 

57 

9-55334 

9.97030 

9.58304 

10.41696 

10.02970 

10.44666 

3 

58 

9-55367 

9.97025 

9.58342 

10.41658 

10.02975 

10.44633 

3 

59 

9.55400 

9.97020 

9.58380 

10.41620 

10.02980 

10.44600 

1 

60 

9-55433 

9-97OI5 

9.58418 

0 

4- 

v-n 

00 

10.02985 

10.44567 

0 

\ 

Sine. 

Tang. 

Secant. 

c 

•  M 

69  Degrees. 

V.  .  ■  ■  ■  ■  »  ■  - - - - 

Hh  3 


[  466  ] 


V 

A  Table  of  Artificial  Sir^es, 

-•  - 

21 

Degrees. 

£ 
k—  . 

Sine. 

Tang. 

Secant. 

c 

9-55433 

9.97015 

9.58418 

IO.41582 

10.02985 

10,44567 

60 

I 

9.55466 

9.97010 

9.58456 

IO.41545 

10.02990 

10  44534 

59 

2 

9-55499 

9.97006 

9  5*M93 

IO.41507 

10.02995 

10.44501 

58 

ry 

3 

9  ”5532 

9.97001 

9  5853  i 

IO.41469 

10.02999 

10.44468 

57 

'  4 

9  55564 

9  96996 

9.58569 

IO  41431 

1003004 

10.44436 

56 

5 

9  55597 

9  9699 1 

9  58606 

IO-4,394 

10  03009 

10.44401 

55 

6 

9  5563° 

9  96986 

9.58644 

1  °- 4 1 3  5  6 

10.03014 

10.4437° 

54 

7 

9  55663 

9  96981 

9.58682 

10.41319 

10.03019 

IO-44337 

53 

8 

9.55695 

9.96976 

9.58719 

10  41 28 1 

10.03024 

10.44305 

5Z 

'  9 

9-5  5728 

9.96971 

9-58757 

10.41243 

10.03029 

10.44272 

5J. 

IO 

9.55761 

9.96967 

9.58794 

10.41 206 

10.03034 

T  0*44239 

5° 

1 1 

9-55793 

9.96962 

9  58832 

10.41 168 

10  03038 

10.44207 

49 

I  2 

9  5^826 

9  96957 

9.58869 

10.41 13 1 

10.03043 

KD.44174 

48 

13 

9.55858 

9  96952 

9.58907 

10.41093 

10.03048 

10.44142 

47 

*4 

9.5589! 

9.96947 

9  58944 

10.40056 

10.03053 

10  44109 

46 

*5 

9-55923 

9.96942 

9.58981 

1 0.41019 

10.03058 

10.44076 

45 

16 

9  55956 

9.96937 

9.59016 

10.4098 1 

10.03063 

1 0  44044 

44 

i7 

9  5^988 

9  96932 

9.59056 

10.40944 

10.03068 

10.44012 

43 

18 

9  36021 

9.96927 

9.59094 

1 0  40907 

10.03073 

IO-43979 

42 

*9 

9  "6053 

9  96922 

9- 59 1 3 1 

1 0.40869 

10.03078 

1  °-43947 

11 

20 

.9.56086 

9.96917 

9  59168 

10.40832 

10.03083 

10.43915 

40 

21 

9.561 18 

9.96912 

9.59205 

10.40795 

10.03088 

10.43882 

39 

22 

9^56150 

9.96908 

9.59243 

10.40757 

10.03093 

10.43850 

•38 

23 

9.136182 

9.96903  p. 59280 

10.40720 

10.03098 

10.43818 

37 

24 

9.3621 5 

9.96898  |9-593i7 

10.40683 

10.03 102 

10.43785 

36 

25 

9.56247 

9  96893  ‘9-59354 

10.40646 

10.03107 

*0-43753 

35 

26 

9.56280 

9.9688S;9.5939! 

to  40609 

10.031 12 

IO-43721 

34 

27 

9.5631 1 

9.96883 

19  594 -9 

10.40572 

10.03  1 1 8 

to. 43689 

33 

28 

9-56343 

9.96878  9  59466 

10.40534 

10.03 1 22 

1 0-43657 

32 

29 

9  56376 

9.96873 '9.59503 

10.40497 

10.03127 

10.43625 

3 1 

3° 

9.56408 

9.9686S  ^.50540 

1 0  40460 

10.03 132 

10.43592 

3f> 

Sine.  S 

Tang. 

Secant. 

• 

C 

.  ..  .  .  .  . 

68  Degrees. 

*  | 

n  •  - 


I 


[4  67] 


Tangents,  and  Secants. 

2 1  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

30 

31 

32 

33 

34 

9.56408 

9.56440 

9.56472 

9.56504 

9.56536 

9.96868 
9.96863 
9  96858 

9  9^53 

9  96848 

9.59540 

9-59577 

9.59614 

9.59651 

9.59688 

10. 40460 
10.40423 
10  40386 
10.40349 
10.403 12 

10.03 132 
10.03137 
10.03 142 
10.03147 
10.03 1 52 

10.43592 

10.43561 

10.43528 

1043496 

10.43464 

30 

29 

28 

27 

26 

25 

24 

23 

22 

2 1 

35 

36 

37 
33 
39 

9.56568 

9.56600 

9.56631 

9.56663 

9.56695 

9.96843 

9.96838 

9.96833 

9.96828 

9.96823 

9.59725 

9.59762 

9-59799 
9  59335 
9.59872 

10  40275 
10.40238 
10.40202 
10.40165 
10.40128 

10.03157 
10.03 162 
10.03 167 
10.03 172 
10.0317  7 

10.43432 
10.43401 
10  43369 

1  °-43  337 
ro.43305 

40 

41 

42 

43 

44 

9.56727 

9.56759 

9.56790 

9.56822 

9.56854 

9.968 18 
9.96813 
9.96808 
9.96803 
9.96798 

9.59909 

9.59946 

9-59933 

9  60019 
9.60056 

10.40091 
10.40054 
1 0. 400 1 7 
10.3998 1 

IO-39944 

10.03  182 
10.03 187 
10.03 192 
10.03197 
10.03202 

1  °*43  273 
10.43241 
10.43210 

IO-43 178 
10.43146 

20 

’9 

18 

17 

16 

45 

46 

47 

48 

49 

9.56884 

9*569>7 

9.56949 

9.57980 

9.57012 

9.96793 

9.96788 

9.96783 

9.96778 

9.96773 

9.60093 
9.60130 
9.60166 
9.60203 
9  60240 

10.39907 

10.39870 

10.39834 

10  39797 
10.39761 

10.03207 
10.032 1 2 
10  03217 
10.03223 
10.03228 

ro.43114 

10.43083 

IO-43°5 1 
10.43020 

1 0.42988 

!5 

H 

*3 

1 2 

1 1 

5° 

5 1 

52 

53 

54 

9.57044 
9.57075 
9.57107 
9-571 33 
9*  5  7 1 7° 

9.96767 
9  96762 

9.96757 

9.96752 

9.96747 

9  60276 
0.603 1 3 
9  60349 

9.60386 
9  60422 

10.39724 

10.39687 

10.39651 

10.39614 

10.39578 

10.03233 

10.03238 

10.03243 

10.03248 

10.03253 

10.42956 
10  42925 
10.42893 

1 0  42862 
10.4283 1 

10 

9 

8 

7 

6 

55 

56 

57 
53 

59 

60 

9.57201 
9.57232 
9.57264 
9.57295 
9.57326 
9  5735s 

9  96742 

996737 

9  96732 
9.96727 
9.96722 
9.96717 

9.60459 
9  60495 
9.60532 
9.60568 
9.60605 
9.60641 

10-39541 

10  39505 
10.39468 
10  39432 

io-39395 

10.39359 

10.03258 
10  03263 

1 0.03268 
10.03273 
10.03278 
10.03283 

10.42799 
10.42768 
10.42736 
io.  42705 
10.42674 
10  42643 

5 

4 

3 

2 

1 

0 

d 
•— * 

§ 

Sine. 

Tang. 

f  Secant. 

68  Degrees.  1 

H  h  4 


-  WJ 


9 
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A  Table  of  Artificial  Sines, 

' 

22 

Degrees. 

1  Min 

Sine. 

Tang. 

Secant. 

0 

9-57358 

9-967 1 7 

9.60641 

10  39359 

10.03283 

1 0  42643 

60 

1 

9-57389 

9.967 12 

9.60677 

10.39323 

10  03289 

10  4261 1 

59 

2 

9.57420 

9  96706 

9.607 14 

10.39286 

10.03294 

1 0  42580 

58 

3 

9.57451 

9  96701 

9  60750 

10.39250 

10.03299 

10  42349 

57 

4 

9.57482 

9  96696 

9  60786 

10  39214 

10.03304 

10  425 18 

56 

5 

9*575  1 4 

9.96691 

9.60823 

10.39178 

10.03309 

10.42487 

55 

6 

9-57545 

9  96686 

9.60859 

10.39141 

10.03314 

10.42455 

54 

7 

9-57576 

9.9668 1 

9.60895 

10  39105 

10.03319 

10.42424 

53 

8 

9.57607 

9.96676 

9  60931 

10.39069 

10  03324 

10.42393 

52 

9 

9.57638 

9.96671 

9.60967 

10.39033 

10.03330 

10.42362 

5i 

10 

9  57669 

9.96665 

9  61004 

10.38996 

10.03335 

10.42331 

5° 

1 1’ 

9.57700 

9.96660 

9.61040 

10.38960 

10.03340 

10.42300 

49 

1 2 

9-57731 

9 96655 

9.61076 

10.38924 

10.03345 

10.42269 

48 

13 

9  57762 

9.96650 

9.61 1 12 

io. 38888 

10.03350 

10.42238 

47 

H 

9-57793 

9.96645 

9.61 148 

10  38852 

IO.°3355 

10.42207 

46 

15 

9.57824 

q  96640 

9.61 184 

10.38816 

10.03361 

10.42176 

45 

16 

9  578;; 

9.96634 

9.61 200 

10.38780 

10.03366 

10.42146 

44 

17 

9.57885 

9.96629 

9.61 256 

1038744 

10.03371 

10.421 15 

43 

18 

9-579l6 

9.96624 

9.61 292 

10  38708 

10.03376 

10.42084 

42 

19 

9-57947 

9.96619 

9.61 328 

10.38672 

10.0338 1 

10.42053 

11 

20 

9.^7978 

9.96614 

9.61364 

10.38636 

10.03386 

10.42023 

40 

21 

9.58008 

9.96609 

9.61400 

10.38600 

10.03392 

10.41992 

39 

22 

9.58039 

9.96603 

9  61436 

10.38564 

10.03397 

10.41961 

38 

23 

q. 38070 

9.96598 

9.61472 

10.38528 

10.03402 

10.41930 

37 

24 

9  58101 

9  96593 

9.6  r  508 

10.38492 

10.03407 

10.41900 

36 

25 

9-58 1 3 1 

9.96588 

9 -6 1 5  44 

10  38457 

10.0341  2 

10.41869 

35 

26 

9.581 62 

9.96582 

9.61579 

10.38421 

10  03418 

10  41838 

34 

27 

9  58192 

9.96577 

9.6161 5 

10  38385 

IO.O3423 

10  41808 

33 

28 

9.58223 

9.96572 

9.6165 1 

10.38349 

IO.O3428 

io4i777 

32 

29 

9.58253 

9.96567 

9.61687 

10.38313 

10-03433 

10.41747 

3i 

3° 

9.58284 

9.96562 

9.61722 

10.38278 

IO.O3439 

10.41716 

- 

Sine. 

Tang. 

1  Secant. 

c 

• 

67  Degrees. 

\ 


% 


[  4^9  ] 


Tangents,  and  Secants. 


22  Degrees. 


3° 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 


40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 
5  2 

53 

54 


55 

56 

57 

58 

59 

60 


Sine. 

Tang. 

Secant. 

9.58284  9.96562 
9  583 !4;9  96556 

9*5 8345 1 9  965 5 1 

9-58375;9-96546 
9.58406  9  96541 

9.61 722 
9  61758 
9.61794 
9  61830 
9.61865 

10.38278 
10  38242 
10.38206 
10.381 71 
10  38135 

10.03439 
ic. 03444 
10.03449 
10.03454 
10.03459 

10.41716 
10  41686 
ro. 41655 
10.41625 

IO-41 594 

9  58436 
9.58467 
9.58497 
9  58527 

9-58557 

9  96535 

9.96530 

996525 

9.96520 

9-965  54 

9.61901 
9  61936 
9.61 972 
9  62008 
9.62043 

10.38099 

10.38064 

10.38028 

10.37992 

10.37957 

10.03465 

10.03470 

10  03475 
10.03481 
10  03486 

10.41 564 

1 0  4 1 534 
10,41 503 

i°,4I473 

10  41443 

9.58588 
9.5861 8 
9.58648 
9.58678 
9.58709 

9.96509 
9.96504 
9  96498 
9.96493 
9.96488 

9.62079 
^9.621 14 
|9  62150 
9.621 85 
9.62221 

io-37921 
10.37886 
10.37850 
10,3781 5 

!°. 37779 

10.03491 

10.03496 

10.03502 

IO-°35°7 
10.035 1 2 

10. 4141 2 
1041382 
10.41352 
10.41 322 
10.41 292 

9  58739 
9.58769 
9.58799 
9.58829 
9.58859 

9.96483  I9. 62256 
9  96477'9  62292 
9.96472 *9  62327 
9.96467  9.62362 
9.96461  *9.62398 

IO-37744 

10.37709 

10.37673 

10.37638 

10.37602 

10.03517 

10.03523 

10.03528 

1 0  °3 5 3 3 
10.03539 

10.41261 
10.41 23 1 
10.41 201 

1 0.4 1 1 7 1 
10.41 14 1 

9.58889 
9.58919 
9.58949 
9.58979 
9-.  59009 

9.96456 

9.96451 

9.96445 

9.96440 

9  96435 

9.62433 

9.62468 

.9.62504 

19.62539 

■9.62574 

10.37567 

10.37532 

10.37496 

10.37461 

10.37426 

io. 03544 
10.03549 

1 0  °3  555 
10.03560 

10.03566 

1041111 
10.41081 
10  4103 1 
10  41021 
10  40991 

9.59039 
9.59069 
9.59098 
9.59128 
9.59158 
9.99188 
.  -  \  '  - 

9  96429:9.62609 
9.96424I9.62645 
9  96419  9.62680 
9  96413.9  62715 
9.96408I9.62750 
9 96403  |9  62785 
Sine.  1 

10  37391 
10.37356 
10.37320 
10.37285 
10.37250 
10  37215 

1003571 

10.03576 

10.03581 

1003587 

10.03592 

10.03597 

10.40961 
10  4093 1 
10  40902 
1 0,40872 
1 0.40842 

1 0.408 1 2 

Tang. 

Secant. 

10 


67  Degrees. 


-  *A 


9 


[  47°  J 


A  Table  of  Artificial  Sines, 


23  Degrees. 


Sine. 


9. 591 88 
9.5921  8 

9.59247 


9.59278  9  96387 
9-593°7  9-963Si 


9-59336 

9.59366 

9  59396 

9.59425 

_9  9J94Ji 
io|9. 59484  9  96349 
u  9.59514  9-96343 
I2S9  59543 

9  59573 

9.59602 

9.59632 
1 6 ^9  59661 

1 7 19*5969° 

18  9  59720 

19 19-59749 

20  9  5977s 

21  9.59808 


1  3 

K 


5 


22 

23 

24 


25 

26 


9  59837 

9  59866 

9  39895 


9.96403 

9.96397 

9.96392 


9.96376 

9  9637o 
9.96365 
9.96360 
9  96354 


9  96338 

9  96333 
9.96327 


9.96322 
9.96316 
9.9631 1 
9.96305 
9.99300 


9.96295 
9.96289 
9.96284 
9.96278 

_  9-96273 

9.59924  9.96267 
9.96262 
9.96256 
9.9625 1 

9  96245 

9.96240 


9-59954 

9.59983 

28  '9.6001 2 

29  *9.60041 

30  9  6007c 


Sine. 


Tang. 

Secant. 

9.62785 
9.62820 
9  62855 
9.62891 
9.62926 

10.37215 
10.371 80 

1  °- 3  7 1 45 
10.371 10 

10  37075 

10.03597 
10.03603 
10.03608 
10.03614 
10  03619 

10.4081 2 
10.40782 
10.40753 
10.40723 
10.40693 

60 

59 

5S 

57 

5_6 

9.62961 
9.62996 
9. 6303! 
9.63066 
9.63101 

10.37039 
10  37004 
10.36969 
10  36934 
10.36900 

10.03624 
10.03630 
10.03635 
10.03640 
10  03646 

10.40664 
10.40634 
10.40604 
10.40575 
10  40545 

55 

54 

53 

52 

5' 

9.63135 

9.63170 

9.63205 

9.63240 

9  63275 

10.36865 
10.36830 
10.36795 
10.36760 
10  36725 

10.0365 1 
10.03657 
10  03662 
ji  0.03668 

■10.03673 

10.40516 
10.40486 
10.40457 
10.40427 
.10  40398 

5° 

49 

48 

47 

46 

9.633 10 

9-63345 
0.63380 
9.63414 
9  63449 

10.36690  10.03678 
10.36655  If  0. 03684 
10  36621  iio.03689 
10.36586  [jo  03695 
IO  3655  l  [To. 03700 

10  40369 
1040339 
10.403 10 
10  40280 
10.4025 1 

45 

44 

43 

42 

41 

9.63484 
9*6  3  5 1 9 
9  63553 
9.63588 

9  63623 

10.36516  10.03706 
10.36482  10.03711 
10  36447  10.03716 
10.36412  10.03722 
10  36377  10  03727 

1040222 

10.40193 

10.40163 

10.40134 

10.40105 

40 

39 

38 

37 

36 

9.63657 
9.63692 
9  63727 
9  63761 
9.63796 
9  63830 

10.36343  10.03733 
10.36308  10.03738 
10.36274  10.03744 
10  36239  10.03749 
10.36204  10.03755 
ic  36170  1 0.03760 

10.40076 
10.40046 
1  c.  400 1  7 
10.39988 
10  39959 
10.39930 

35 

34 

33 

32 

3i 

30 

Tang.  1 

Secant. 

*- . 

66  Degrees. 

o 


/ 


1 


[  47 1  3 


Tangents, 

and  Secants. 

2  3  Degrees. 

§ 
►—  • 

p 

Sine. 

Tang.  ^ 

Secant. 

3° 

9.60070 

9.96240 

9.63830 

10.361 70 

10.03760 

10  39930 

30 

3i 

9.60099 

9  96234 

9.63865 

10.36135 

10.03766 

10.39901 

29 

32 

9.601 28 

9.96229 

9.63899 

10.36101 

10.0377 1 

10  39872 

28 

33 

9.60157 

9  96223 

963934 

10  36066 

10.03777 

10.39843 

27 

34 

9.601 86 

9.9621  8 

9.63968 

10.36032 

10  03782 

10.39814 

26 

35 

9.60215 

9,9621 2 

9.64003 

1  °*3  5997 

10.03788 

10.39785 

25 

36 

9.60244 

9.96207 

9.64037 

10.35963 

10.03793 

10  39756 

24 

37 

9. 60273 

9  96201 

9.64072 

10.35928 

1003799 

IO-397  27 

23 

38 

9  60302 

9  96196 

9  64106 

10  35894 

10.03804 

10.39698 

22 

39 

9.60331 

9.96190 

9  64140 

10.35860 

10.03810 

10.39670 

2 1 

40 

9.60359 

9.961 85 

9.64175 

10.35825 

10.0381 5 

10  39641 

20 

4* 

9.60388 

9.96179 

9.64209 

10.35791 

10.0382 1 

10  39612 

‘9 

4  2 

9  60417 

9.96174 

9.64243 

IO  35757 

10.03826 

10,39583 

18 

43 

9.60446 

9.96168 

9  64278 

10  35722 

10  03832 

1  °*3  95  54 

*7 

44 

9  60475 

9.961 62 

9  64312 

10.35688 

10  03838 

10.39526 

16 

45 

9.60503 

9»96 1 5  7 

9  64346 

1  °-3  5654 

10.03843 

10.39497 

*5 

46 

9  60532 

996151 

9  64381 

10.35619 

10.03849 

10.39468 

»4 

47 

9.60561 

9.96146 

9*644!  5 

10-35585 

10  03854 

10  39439 

13 

48 

9.60589 

9  96140 

9  64449 

10  3555  1 

10.03860 

10  3941 1 

1 2 

49 

9.6061  8 

9.96135 

9  64483 

1 0  3  5  5  1 7 

10.03865 

10  39382 

1 1 

5° 

9.60647 

9.961 29 

9.64517 

10.35483 

10.03871 

io  39354 

10 

5 1 

9.60675 

9.961 24 

9.64552 

10  35448 

1 0  03877 

1039325 

9 

5 2 

9.60704 

9.961 18 

9.64586 

10  354H 

10.03882 

io  39296 

8 

53 

9.60732 

9  961 1 2 

9.64620 

10.3538° 

10.03888 

10  39268 

7 

54 

9.60761 

9  96107 

9.64654 

1035346 

10.03893 

10.39239 

6 

55 

9.60789 

9.96101 

9  64688 

10.35312 

10.03899 

10  3921 1 

5 

56 

9.6081 8 

9.96096 

9  64722 

10.35278 

10.03905 

10.391 82 

4 

57 

9  60846 

9.96090 

9. 64756 

10.35244 

10.03910 

10  39153 

3 

58 

9.60875 

9,96084 

9  6479° 

10.35210 

10  03916 

10  39 i 26 

2 

59 

9.60903 

9  96079 

9  64824 

io  35176 

10.03921 

10  39097 

1 

6  c 

9.60931 

9  96073 

9  64858 

10  35142 

10.03927 

1 0  39069 

0 

Sine. 

Tang. 

1 

Secant. 

d 
•  *— < 

|  66  Degrees. 

% 

/ 


[  47 2  1  , 

A  Table  of  Artificial  Sines, 


24  Degrees .  • 


*  Min. 

Sine. 

Tang. 

Secant. 

0 

1 

2 

3 

4 

9.60931 

9  60960 
9.60988 
9  61016 
9.61045 

9.96073 
9  96067 
9  96062 
9  96056 
9.9605 1 

9.64858 
9.64892 
9.64926 
9.64960 
9  64994 

10.35142 
10.35 1 08 
10.35074 
10  35040 
10.35006 

1 0.03927 
10.03933 
10.03938 
10.03944 
10.03950 

10.39069 
10.39040 
10.3901 2 
10.38984 
10  38955 

5 

6 

7 

8 

9 

9.61073 
9.61 101 
9.6 1 1  29 
961158 
9  61 1 86 

9.96045 
g. 96039 

9  96o34 
9.96028 

9  96022 

9.65028 
9.65062 
9  65096 
9.65130 
9.651 64 

9*6> 1 97 
9.65231 
9.65265 

9  65299 
9  65333 

10.34972 
10  34938 
10.34904 
10  34870 
10.34836 

10.03955 

1 0.0396 
io  03967 

1 0.03972 

■10.03978 

10  38927 

10.38899 

10.38871 

1 0  38842 
10  38814 

10 

1 1 

1  2 

^3 

14 

9.61  214 
9.6 1  242 
9.61 270 
9.61 298 
9  61326 

9.9601 7 
9  9601 1 
9  96005 
9.96000 

9.95994 

1 0.34803 
10.34769 

'Q-34735 

10.34701 

10.34667 

10.03983 
to. 03989 
.0.03995 
10.0400 I 
[  0.04006 

ic. 38786 
■  0.38758 
10.38730 
10  38702 
10  38674 

1 5 

1 6 

«7 

18 

19 

9-6 1  355 
9.61383 
9.6141 1 

9-6l439 
9  61467 

9.95988 

9  959^ 
9  95977 
9  9597 1 
9  95965 

9  65366 
9.65400 
9.65434 
9.65467 

9  65501 

10.34634 
10  34600 
10  34566 
10.34533 
10  34499 

1  0.040  I  2 

1 0.0401 8 
10.04023 

1 0  04029 
10  04035 

[10.38646 
10  3861  8 
10.38590 
10  38562 
>0  38534 

20 

21 

22 

23 

Z4 

9.61494 
9.61 522 
9.61  550 
9.6 1 578 
g  6 1 606 

9  95960 

9-95954 

9.95948 

9.95943 

9-95937 

9  65>35 

9.65568 
9  65602 
9.65636 
9  65669 

10.34465 

10.34432 

10.34398 

10.34364 

10.34331 

1 0.04040 
10.04046 
10.04052 
10.04058 

1 0.04063 

10  38506 

1 0.38478. 
10.38450 
10.38422 
io  38394 

25 

26 

27 

28 

29 

3C 

9  61634 
9  61662 
9.61689 
9.61717 
9  61745 
9.61773 

9-9593 1 
9.95925 

9  9 5 9  20 
9.95914 

9.95908 

9.95902 

9.65703 
9.65736 
9.65770 
9.65803 
9.65837 
9  65870 

10.34297 

10.34264 

10.34230 

10.34197 

10.34163 

10.34130 

1 0.04069 
10  04075 
10.04081 
10  04086 
10.04092 
10.04098 

10  38366 

io.38338 
10  38311 
1038283 
1058255 
10  38227 

Sine. 

T  ang. 

Secant. 

65  Degrees. 


* 


\ 


. 


Kfl 
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Tangents, 

and  Secants. 

24  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

30  9  61773 

995902 

9  65870 

fo.34130 

10.04098 

lo. 38227 

3° 

319  61800 

995897 

9  659°4 

1 0  34096 

10.04104 

10  38200 

29 

32,961  828 

9.95891 

9.65937 

10.34063 

10.04 109 

10.381 72 

28 

33  9-6,856 

9.95885 

9.65971 

10.34029 

10.041 1 5 

1038144 

27 

34; 

9.61  883 

9  95879 

9  66004 

10.33996 

10.041  21 

10381 1 7 

26 

35  j 

96191 1 

9  95873 

9.6603S 

10.33962 

10  041 27 

10.38089 

25 

36 

9*6 1 9  3  9 

9.95868 

9.6607 1 

10.33929 

10.041 32 

10.38061 

24 

37 

9. 61966 

9.95862 

9  66104 

10.33896 

10.041 38 

10  38034 

23 

38 

9.61994 

9.95856 

9.661  38 

10.33862 

10.04144 

10.38006 

22 

39 

9  6202 1 

9.95850 

9661 71 

10.33829 

10  041 50 

10  37979 

2 1 

40 

9.62049 

9  95845 

9.66204 

10.33796 

10.041 56 

10  37951 

20 

4' 

9  62076 

9.95839  9  66238 

10  33762 

10.04161 

10  37924 

*9 

42 

9  62104 

9.95833 

9  6627 1 

10.33729 

10.04167 

10.37896 

\  8 

43 

9.621 3 1 

9.95827 

9  66304 

10.33696 

10.041 73 

10.37869 

>7 

44 

9.62 1 59 

9.95  821 

9.66337 

10.33663 

10.041 79 

10  37841 

1 6 

45 

9.621  86 

9  95s 1 5 

9.66371 

1 0.3  3629 

10.041  85 

1 0. 3  7  8 1 4 

*5 

46 

9.62214 

99581O 

9.66404 

1  °*  3  3  5  96 

10.04190 

10.37787 

f4 

47 

9  62241 

9,95804 

9  66437 

1  °- 3  3  5  63 

ic.041 96 

1  c.37759 

1 3 

48 

962268 

995798 

9.66470 

,10.33530 

1 0  04202 

10.37732 

1  2 

49 

9.62296 

995792 

9  66504 

!  ,0-33497 

10  04208 

10  37704 

1 1 

5° 

9  62323 

9.95786 

9.66537 

jio.33463 

10.0421 4 

10.37677 

1 0 

5 1 

962350 

9.9578O 

9  66570 

'10.33430 

1 0.04220 

10.37650 

9 

52 

9  62377 

9  95775 

9.66603 

1  °-3  3  3  97 

10.04225 

10.37623 

8 

53 

9.62405 

9  95769 

9.66636 

10.33364 

1 0.0423 1 

10.37595 

7 

54 

9.62432 

9  95763 

9  66669 

10  3333  1 

10.04237 

10.37568 

6 

55 

962459 

9-95757 

9.66702 

10.33298 

10.04243 

1  °*  3  754 1 

5 

56 

9  62486 

9  9575 1 

966735 

10  33265 

10.04249 

1  °*  3  75  1 4 

4 

57 

9  62514 

9-95745 

9.66768 

10  33232 

10.04  25  5 

i°  37487 

3 

58 

962541 

9-95739 

9.66801 

10  33199 

10.04261 

10.37459 

2 

59 

9  62568 

9  95734 

9  66834 

10331 66 

1 0  04267 

10.37432 

1 

60 

9.62595 

9  95728 

9  66867 

10  33133 

10.04272 

10.37405 

0 

Sine. 

Tang. 

Secant. 

d 

■ 

* 

/■ 

65  Degrees. 

A 
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A  Table  of  Artificial  Sines, 


2  5  Degrees. 


10 

1 1 
I  2 

13 

14 


15 

16 


1 8 
19 


Sine. 


9.62595 

9.62622 

9.62649 

9.62676 

9.62703 


Tang. 


9.95728 

9.95722. 

9  957l6 
9.95710 

9.95704 


9.62730  9  95698 


9.62757 


9.95692 


9.62784  9.95686 


20 

21 

22 

23 

24 


9.6281 1 
9.62838 

9  62865 
9.62892 
9.6291 8 
9.62945 
9  62972 


9.95680 
9  9>674 


9.62999 

9.63025 

9.63052 

9.63079 


25 

26 

27 

28 

29 

30 


9*63 1 3  3 
9.63159 
9.63186 
9.6321 3 
9.63239 


9.63,266 
9  63292 


9  63345 
9.63372 
9.63398 


9.66867 
9  66900 
9  66933 
9  66966 
9.66999 


9.67032 

9.67065 

9.67098 

9.67131 

9.67163 


9.9566S  9.67196 


9.95663 

9.95657 

9.95651 

995645 


9.95639 

9.95633 

9.95627 

9.95621 


9  63106  9.9561 5  9  67491 


9.67239 
9.67262 
9.67295 
9  67327 


9.67360 
9  67393 
9.67426 
9.67458 


9.95609 

9.95603 

9  95597 
9  95591 
9.95585 


9.67524 

9.67556 

9.67.589 

9.67622 

9.67654 


9-95579 
9  95573 


9.63319  9.95567 


9.95561 
9  95555 


9  67687 
9.67719 

9  677 5 2 
9.67785 

9.6781 7 


9  95549  9-67850 


Sine. 


* 

Secant. 

10-33133 

10.04272 

10.37405 

60 

10.33 IOO 

10.04278 

10.37378 

59 

10.33067 

10.04284 

1  °*  3  7  3  5 1 

5^ 

10-33034 

10.04290 

10.37324 

57 

10.33001 

10  04296 

10  37297 

56 

10.32968 

10.04302 

10.37270 

55 

10.32935 

10.04308 

10.37243 

54 

10.32902 

10.04314 

10.37216 

53 

10.32869 

10.04320 

10.37 1 89 

52 

10.32837 

10.04326 

1037162 

51 

10.32804 

10.04332 

1  °*3  7 1 3  5 

50 

10.32771 

10.04338 

10.37108 

49 

10  32738 

10.04343 

10.37081 

48 

10.32705 

10.04349 

10  37055 

47 

10  32673 

10.04355 

10  37028 

46 

10.32640 

10.04361 

10.37001 

45 

10.32607 

10.04367 

10.36974 

44 

10  32574 

10.04373 

10.36948 

43 

10.32542 

10.04379 

10.3692 1 

42 

10.32509 

10.04385 

10.36894 

±1 

10.32476 

10.04391 

10.36867 

40 

10.32444 

10.04397 

10.36841 

39 

10  3241 1 

10.04403 

10.36814 

38 

10.32378 

10.04409 

10.36787 

37 

10.32346 

10.0441 5 

10.36761 

36 

10.32313 

10.04421 

10.36734 

35 

10.32281 

10.04427 

10.36708 

34 

10.32248 

10.04433 

10.36681 

33 

10.3221 5 

10.04439 

10  36655 

32 

10.321 83 

10.04445 

10.36628 

31 

10.321  c;c 

10.0445  1 

10.36602 

3° 

Tang. 

Secant. 

.£ 

degrees. 

[  475  J 


Tangents,  and  Secants. 

25  Degrees.  , 

£ 

• 

p 

3° 

3 1 

32 

33 

34 

35 

36 

37 

38 

39 

4.0 

41 

42 

43 
11 

Sine. 

Tang 

Secant. 

j 

9.63398 
9.63425 
9*6345  1 
9  63478 
9  635°4 

9-95549 
9  95543 
9-95537 
9  9553 1 
9  9552! 

9  67850 
9.67882 

9  679>5 

9  67947 
9  67980 

10.32150 
10.321 1 8 
10.32085 
10  32053 
10  32021 

10.0445 1 

IO-°4457 
1 0.04463 

1 0.04469 
10.04475 

10.36602 
10.36575 
1 0.36549 
10.36522 
10.36496 

30 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

l9 

18 

l7 

16 

i7^ 
!4 
! 1 3 

1 1 

10 

9 

8 

7 

6 

-r- 

5 

4 

3 

2 

1 

0 

d 

s 

9.63531 
9.63567 
9.63583 
9.63610 
9  63636 

9.95519 

9  955 1 3 
9.95507 

9.95501 

9*9549-1 

9.680 1  2 
9.68044 
9.68077 
9  68 109 
9.68142 

jo  31988 
1 0. 3  J  956 

10  31923 
10.3  1  891 
10.3  1  858 

1 0.0448 1 
10.04487 
10.04494 
10.04500 

1 0.04506 

JO. 36469 
1 0.36443 
10.3641  7 
10.36390 
10  36364 

1  °*  363  3  8 
10.363  1 1 
10.36285 
10. 36259 
10  36233 

1 0.36207 

1 0.36180 
10.36154 
10.361  28 
10.36102 

1 036076 
10.36050 
10.36024 

IO-35998 
10. 3^072 

10  35946 
10.35920 
10.3  5894 
10.35868 
10.35842 
10  35816 
Secant. 

9.63662 

9.63689 

963715 

9  6374' 
9.63767 

9.95488 

9  95482 
9.95476 
9.95470 
9.95464 

9.68174 
9  68206 
9  68239 
9.68271 
9  68303 

10.3  1  826 
10.31794 
10  31761 
10  31729 
10.31697 

1 0.045  1 2 

1 0.045 1  8 
10.04524 
10  04530 
10  04536 

45 

46 

47 

48 

49 

9.63794 
9  63820 
9.63846 
9  63872 
9.63898 

9.95458 
9  95452 
9.95446 
9  95440 
9  95434 

9.68336 

9.68368 

9.68400 

9.68432 

9.68465 

1031 664 
10.3  1632 
10.31 600 
10.3 1 568 
10.31533 

1 0.04542 
10.04548 
10.04554 

1 0.04560 
10.04567 

to  04573 
10.04579 
10.04585 
10.0459 1 
10.04597 

1 0.04603 

1 0.04609 
10.04616 
10  04622 
10.04628 

1 0.04634 

5° 

51 

52 

53 

54 

9.63924 

9.63950 

9.63976 

9.64002 

9.64028 

9  95427 
9.95421 

9*954 1 5 
9.95409 

9.95403 

9.68497 

9.68529 

9.68561 

9  68593 
9.68626 

IO*3 1 5°3 
10.3 1471 

10  31439 
10  3  r  407 

IO*3 1  375 

55 

56 

57 

58 

59 

60 

9.64054 
9. 64080 
9  64106 
9.64132 
9.64158 
9  64*84; 

9*95397 

9.95391 

9  95385 
9-95378 
9  95372 
9  95366 

9.68658 
9.68690 
9.68722 
9.68754 
9.68786 
9.688 1 8 

,0-3 1342 
:0.3131c 

10.3 1 278 
10.3 1 246 
10.3  1 2 14 
jo.  3  u  82 

1 

Sine. 

—t 

Tang. 

.  64  Degrees. 
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|  A  Table  of  Artificial  Sines, 

I  26  Degrees. 

ft  • 

1  3 

Sine. 

Tang. 

» 

Secant. 

1  0 

1 

2j 

— 

1  ^ 

7 

8 

Li 

1 1° 

{ 1 1 
j  1 .2 

*3 

11 

P 

17 
1 1 8 

*9 

9.641  84 

9  64210 

9  64236 

9  64262 

9  64288 

9.64314 

9  643  39 
9.64365 

9  6439* 
9.64417 

9.95366 

9.95360 

9*95354 
9*95  3  4^ 
9*95  3J1 
9-95335 

9  95329 
9.95323 

9  95317 
9.95310 

9.68818 

9  68850 
9.68882 
9.68914 
9.68946 

10.3 1 182 
10.3 1 1 50 
10.31 1 1  8/. 
10.31086 
10.31054 

1 0.04634 
10.04640 
10.04646 
10.04653 
10.04659 

10.35816 

10.3579° 

10.35764 

10.35738 

10.35712 

60  J 

59 

58 

57 

56 

9.68978 
9  69010 
9  69042 
9.69074 
9  69106 

10.3 1022 
10.30990 
10.30958 
10.30926 

1 0.30894 

1 0.04665 
10.04671 
10.04677 
10.04683 
10.04690 

10.35687 

10.35661 

*0.35635 

10.35609 

10.35584 

55 

54 

53 

5Z I 
51 J 

9  64442 
9  64468 
9.64494 

l9*645 1 9 
9.64545 

9  6457' 
g.64596 

19.64622 

9.64647 
9  64673 

9*95  3°4 
9.95298 

9  95292 
9.95  286 

9  95279 

9  69138 
9.69170 
9.69202 
9.69234 
9.69266 

10.30862 
10.30830 
10.30798 
10.30766 
10  30734 

10.04696 
10.04702 
10.04708 
10.04715 
10  04721 

10.35558 
10  35532 
10.35506 
10.35481 

10  35455 

5° 

49 

48 

47 
46  j 

9-95273 

9.95267 

g  95261 
9.95254 
9  95248 

9  69298 
9  69329 
9.69361 

9  69393 
9  69425 

9  69457 

9.69488 

9.69520 

9.69552 

9.69584 

10.30703 

10.30671 

10.30639 

.10.30607 

10.30575 

10.04727 

10.04733 

10.04739 

10.04746 

10.04752 

10.35429 
10  35404 

10.3537s 

*0.35353 

10  35327 

45 

44 

43 

|42 

\j±\ 

10.30543 
10.3051  2 
10.30480 
10.30448 
10.30416 

10.04758 
10.04764 
10  04771 
10.04777 
10.04783 

10.35302 

10.35276 

10.35251 

10.35225 

10.35200 

4° 

39 

38 

37 

36 

I  20 

1 21 
]  22 

1 23 

1 24 

9.64698 

9.64724 

9.64749 

9.64775 

9.6480c 

9  95242 
9  95236 

9.95229 

9.95223 

9.95217 

25 

2^ 

2: 

2S 

2( 

3J 

9.64826 
>  9  64851 
7  9.6487; 
3  9  64902 

7  9-6492' 
D  9.6495' 

9.9521 1 
9.95204 

?  9*95 1 9^ 
5  9  95 1 92 
7  9*95 1 85 
5  9*95*75 

9.69615 

9.69647 

>  9  69675 
9.6971c 
9.6974: 
?  9*6977^ 

10  30385 
10.30353 
10.30321 
>  10.3029c 
1  10.30258 
j.  10  30226 

10.04789 

10.04796 

10.04802 

10.04808 

10.04815 

10.04821 

10.35174 
10  35149 
10  35123 
10  35098 
10.35073 
10.35047 

35 

34 

33 

32 

3* 

3° 

Sine. 

Tang. 

Secant. 

d  I 

ai 

63  Degrees. 

CN'-r»  ^  '-'i  '-n  |'-,i  '-ri  w  ui  (ji  i_fx  _[x  _p».  4^  _fi.  |4*  -j^.  -fx  -fu  |  w  w  ww  Ioj  m  u  m  u 
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Tangents,  and  Secants. 

26  Degrees. 


Sine. 

Tang. 

Secant. 

9.64953 
9.64978 
9.65  °°3 
9.65029 

9  65054 

9.95179 

!9-95>73 
9-95 1 67 
9  95160 

9  95 1 54 

9.69774 

9.69805 

9.69837 

9.69869 

9.69900 

IO.30226 

IO.30I95 

IO.3O163 

IO.3OI32 

IO.3OIOO 

10.04821 
10.04827 
10  04834 
10.04840 
10.04846 

10.35047 
10.35022 
10  34997 

1 0  3497 1 
10.34946 

9.65079 
9.65104 
9.65 130 

9-65 1 55 
9.63  I  80 

9-95  H8 
9*95  H1 
9*95 1 3  5 
9*95 1 29 
9.95 122 

9.69932 

9  69963 
9.69995 

9.7OO26 

9.7OO58 

IO  30068 
IO.3OO37 
IO.3OOO5 
IO.29974 
IO.29942 

10.04852 
10.048  59 
10.04865 
10.0487 1 
10.04878 

10.34921 

10.34896 

10.34870 

10.34845 

10.34820 

9.652O5 
9.6523O 
9.65256 
9.6528  I 
9.65306 

9.95 1 16 
9  95110 
9.95103 
9.95097 
9  95091 

9.7OO89 
9.7OI  2  I 
9.7OI52 
9.7OI 84 
9.702I  5 

IO.299I  I 
IO.29879 
IO.29848 
IO.298  l6 
IO.29785 

10.04884 

10.04890 

10.04897 

10.04903 

10.04910 

IO- 34795 
IO-3477° 

10  34745 
10.34719 

10  34694 

9-6533  1 
9.65356 
9.65381 
9.65406 
9-6543  1 

9.95084 

9.95078 

9.95071 

9.95065 

9.95059 

9.70247 
9  70278 

Q. 703 IO 

9.7034I 

9.70372 

IO.29753 

IO.29722 

IO.2969I 

IO.29659 

IO.26628 

10.04916 
10.04922 
10.04929 
10  04935 
10.04941 

10.34669 
10.34644 
10.34619 
10.34594 
10  34569 

9.65456 
9.6548  I 
9.65506 
9.65531 
9.65556 

9.95052 

9.95046 

9.95039 

9-95°33 

9.95027 

9.70404 

9-70435 

9.70466 

9.70498 

9.70529 

9.70560 

9.70592 

9.70623 

9.70654 

9.70685 

9.70717 

IO.29596 

IO.29565 

IO.29534 

IO.29502 

IO.2947I 

10.04948 
10.04954 
10. 04961 
10.04967 
10.04973 

IO*34544 

1  °*345 1 9 
10.34494 

10.34469 

IO-34444 

9.65581 

9.65605 

9.6563O 

9.65655 

9.65680 

9.657O4 

9.95020 

9-95° 1 4 
9.95007 

9.95000 

9*94995 

9.94988 

IO.2944O 
10.29408 
IO.29377 
IO.29346 
IO.29315 
10  29283 

10.04980 

10.04986 

IO  O4993 
IO.O4999 
IO.O5O06 
IO.O5OI 2 

10.34420 

1  o*34395 
10.34370 
10.34345 
10.34320 
10.34295 

^  Sine. 

Tang. 

,  _ 

Secant. 

21 


20 


63  Degrees. 


'if 

tJO  1 


- 
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A  Table  of  Artificial  Sines, 

27  Degrees. 

2 

3 

Sine. 

Tang. 

Secant. 

O 

9.65705 

9.94988 

9-7°7*7 

10.29283 

10.05012 

10.34295 

60 

I 

9.65730 

9.94982 

9.70748 

10.29252 

10.05018 

10  34271 

59 

2 

9  65754 

9-94975 

9  70779 

10.2922 1 

10.05025 

10.34246 

58 

3 

9.65779 

9.94969 

9  70810 

10.29190 

10.0503 1 

10.34221 

57 

4 

9.65804 

9  94962 

9.70841 

10  29159 

10.05038 

10.34196 

56 

5 

9  65828 

9  94956 

9.70873 

10.291 27 

10,05044 

10.34172 

55 

6 

9  65853 

9  94949 

9.70904 

10.29096 

10.0505 1 

10.34147 

54 

7 

9.65878 

9  94943 

9.70935 

10.29065 

10.05057 

10.341 22 

53 

8 

9.65903 

9.94936 

9.70966 

10  29034 

10.05064 

10.34098 

52 

9 

9.65927 

9.94930 

9.70997 

10.29003 

10.05070 

10.34073 

5* 

10 

9.6,-952 

9.94924 

9.71028 

10.28972 

10.05077 

10.34048 

50 

1 1 

9.65976 

9-949*7 

9*7  io59 

10.28941 

10.05083 

10.34024 

49  1 

1 2 

9  66001 

9-949 1 1 

9.71090 

10.28910 

10.05090 

10.33999 

48 

*3 

9.66026 

9.94904 

9.71 122 

10.28879 

10.05096 

10.33975 

47 

r4 

9.66050 

9.94898 

9.71153 

10.28848 

10.05 103 

10.33950 

46 

*5 

9.66075 

9.94891 

9.7 1 184 

1 0.288  16 

10.05 109 

10.33925 

45 

16 

9.66099 

9.94885 

9-71215 

10. 28785 

10.05 1 16 

10.33901 

44 

17 

9  661 24 

9  94878 

9.71246 

10.28754 

10.05 122 

10.33876 

43 

18 

9.66148 

9.94872 

9.71277 

10  28723 

10.05 129 

1 0.33852 

42 

*9 

9.66173 

9.94865 

97i3°8 

10.28692 

10-05*35 

10.33827 

11 

20 

9.66197 

9.94858 

971339 

10.28666 

10.05  142 

1 0.33803 

40 

21 

9.66221 

9.94852 

9.71370 

10.28630 

10.05148 

10.33779 

39 

22 

9.66246 

9.94845 

9.71401 

10.28600 

10.05 155 

*o-33754 

38 

23 

9.66270 

9.94839 

9-7*43* 

10.28569 

10.05161 

10.33730 

37 

24 

9.66295 

9.94832 

9.71462 

10.28538 

10.05 168 

10.33705 

36 

25 

9  66319 

9.94826 

9-7*493 

10.28507 

10.05 17c. 

10.3368 1 

35 

26 

9.66343 

9.94819 

9.7*524 

10.28476 

10.05181 

10.33657 

34 

27 

9.66368 

9.94813 

9-7*555 

10.28445 

10.05 187 

10.33632 

33 

28 

9.66392 

9.94806 

971586 

10.28414 

10.05  *9*- 

10.33608 

32 

29 

9  66416 

9.94800 

9.71617 

10.28383 

10.05201 

10.33584 

3* 

30 

9.66441 

9-94793 

9.71648 

10.28352 

10.05207 

10.33559 

30 

Sine. 

Tang. 

Secant. 

C 

•  *1 

; 

62  Degrees . 

s 
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I 


Tangents, 

and  Secants. 

*  *y. 

27  Degrees. 

\ 

I  Min. 

Sine. 

Tang. 

Secant. 

30 

9.66441 

9-94793 

9.71648 

10.28352 

10.05207 

1  °*3  3  5  59 

30 

3i 

9.66465 

9.94786 

9*7 1 679 

10.28322 

io.052 14 

10  33535 

29 

32 

9.66489 

9.94780 

9.71709 

10  28291 

10  05220 

10.3351 1 

28 

33 

9.665 13 

994773 

9.71740 

10.28260 

10.05227 

1  °*3  3487 

27 

34 

9  66538 

9.94767 

9.71771 

10.28229 

10  05233 

10.33463 

26 

33 

9  66562 

9.94760 

9.7 1802 

10.28198 

10.05240 

10.33438 

25 

36 

9.66586 

9  94753 

9-7i833 

10.28168 

10.65247 

1  °- 3  34 1 4 

24 

37 

9.66610 

9-94747 

9.71863 

10.28137 

10  05253 

10.3339° 

23 

38 

9.66634 

9.94740 

9.71894 

10  28106 

10.05260 

10.33366 

22 

39 

9.66658 

9  94734 

9.71925 

10.28075 

10  05267 

1  °- 3  3  3  42 

21 

40 

9.66682 

9.94727 

9-7 1 956 

10.28045 

10.05273 

1  °-333  1 8 

20 

4i 

9.66707 

9.94720 

9.71986 

10.28014 

10.052S0 

10.33294 

1 9 

42 

9.66731 

9-947 1 4 

9.72017 

10.27983 

10.05286 

10.33270 

18 

43 

9.66755 

9.94707 

9.72048 

10.27952 

10.05293 

10.33243 

»7 

44 

9.66779 

9.94700 

9.72078 

10.27922 

10.05300 

10.33221 

16 

45 

9.66803 

9.94694 

9.72109 

10.27891 

10  05306 

io-33i97 

*5 

46 

9.66827 

9.94687 

9.72139 

10.27860 

10.05313 

10.33173 

H 

47 

9.6685 1 

9.94680 

9.72170 

10.27830 

10  05320 

1  °- 3  3 1 49 

*3 

48 

9.66875 

9.94674 

9  72201 

10.27799 

10.05326 

10.33125 

1 2 

49 

9.66899 

9  94667 

9.72232 

10.27769 

10  05333 

10.33 10 1 

1 1 

5° 

9.66923 

9.94660 

9.72262 

10.27738 

10.05340 

10.33078 

10 

5 1 

9.66946 

9.94654 

9.72293 

10  27707 

10.05346 

10.33054 

9 

52 

9.66970 

9.94647 

9.72323 

10.27677 

10.05353 

10.33030 

8 

53 

9.66994 

9.94640 

9-72354 

10.27646 

10.05360 

10.33006 

7 

54 

9.67018 

9  94634 

9.72384 

10  27616 

10.05366 

10  32982 

6 

55 

9.67042 

9  94627 

9-724r5 

10.27585 

10.05373 

10.32958 

5 

56 

9.67066 

9.94620 

9.72445 

1  °.  275  5  5 

10.05380 

10.32934 

4 

57 

9.67090 

9.94614 

9.72476 

10.27524 

10.05386 

10.32910 

3 

58 

9.67 1 1 3 

9.94607 

9.72507 

10.27494 

10.05393 

10.32887 

2 

59 

9*67 1 3  7 

9.94600 

9-72537 

10.27463 

10.05400 

10.32863 

1 

60 

9  67161 

9  94594 

9.72567 

10- 27433 

10.05407 

10.32839 

0 

Sine.  | 

Tang. 

Secant. 

c 

6  2  Degrees. 

- - - - — - - - — T - — 

§ 

li  2 
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A  Table  of  Artificial  Sines, 

28  Decrees.  1 

1  Min. 

Sine. 

Tang. 

Secant. 

0 

9.67161  ( 

2-94594 

2  72S67 

10.27433 

0.05  407 

0 

60 

n 

00 

Ui 

vO 

60 

I 

9.67185 

9.94587 

5.72598 

10.27402 

10.05413 

IO.32815 

59 

2 

9.67208 

9.94580 

9.72628 

10.27372 

10.05420 

IO.32792 

58 

3 

9.6723  2 

9-94573 

9.72659 

10.27341 

10.05427 

IO.32768 

57 

4 

9.67256 

9.94567 

9.72689 

10  2731 1 

10.05433 

IO.32744 

— 

"5 

9.67280 

9.94560 

9.72720 

10.27280 

10.05440 

IO.3272I 

55 

6 

9.67303 

9-94553 

9.72750 

10.27250 

10.05447 

IO.32697 

54- 

7 

9.67327 

9.94546 

9.7278 1 

10.27220 

10.05454 

IO.32673 

53 

8 

9  6735 1 

9.9454O 

9.7281 1 

10.27189 

10.05460 

IO.3265O 

52 

9 

9-67374 

9-94533 

9.72841 

10.271 59 

10.05467 

IO.32626 

ii 

10 

9.67398 

9.94526 

9.72872 

10.27128 

10.05474 

IO.32602 

5° 

1 1 

9.67421 

9*945 1 9 

9.72902 

10.27098 

10.0548 1 

IO.32579 

49 

1 2 

9.67445 

9*945 1 3 

9.72932 

10.27068 

10.05487 

IO.32555 

48 

T3 

9.67468 

9.94506 

9.72963 

10.27037 

10.05494 

IO.32532 

47 

1 4 

9.67492 

9.94499 

9.72993 

10.27007 

10.05501 

IO.32508 

46 

15 

9.675 16 

9.94492 

9.73023 

10.26977 

10.05508 

IO.32485 

45 

16 

9-67539 

9.94485 

9.73054 

10.26947 

10.05513 

IO.32461 

44  1 

17 

9.67562 

9.94479 

9.73084 

10.26916 

10.05521 

IO.32438 

43  j 

18 

9.67586 

9.94472 

9-73i  14 

10.26886 

10.05528 

IO.32414 

42 

19 

9.67609 

9.94465 

9-73  H4 

10.26856 

10.05535 

IO.3239I 

iL 

20 

9.67633 

9.94458 

9-7  3 1 75 

10.26825 

10.05542 

IO.32367 

40 

21 

9.67656 

9.94451 

9.73205 

10.26795 

IO-°5549 

10,32344 

39 

22 

9.67680 

9.94445 

9-73235 

10.26765 

10.05555 

IO.3232C 

38 

23 

9.67703 

9.94438 

9.73265 

10.26735 

10.05562 

IO.32297 

37 

24 

9.67726 

9.94431 

9.73296 

10.26705 

10.05569 

IO.32274 

36 

25 

9.67750 

9.9442/ 

-  973326 

)  10.2667/ 

io. 05576 

IO.3225C 

>  35 

2 6 

9.67773 

9-9441/ 

9-7335^ 

)  10.2664/ 

10.05583 

IO.32227 

34 

2y 

9  67796 

9.944K 

>  9-73386 

3  10.2661/ 

10.0559c 

10.3220/ 

33 

2^ 

9.6782c 

>  9.94404 

9  734i6 

5  10.2658/ 

10.05596 

IO.3218C 

32 

2C 

)  9  67842 

9-9439/ 

7  9  7344* 

5  10.2655/ 

10.05603 

IO.3215; 

7  31 

3C 

5  9.6786^ 

)  9.9439c 

3  9-7347* 

5  10.2652/ 

10.0561c 

)  IO.3213/ 

12 

Sine. 

Tang. 

Secant. 

d 

•  ^  1 

,  61  Degrees. 

§ 

'-i 


t*3i  ] 


Tangents,  and  Secants. 

28  Degrees. 

£ 
*-•  • 

3 

• 

Sine. 

Tang. 

Secant. 

3° 

31 

32 

33 

34 

9.67866 

9.67890 

9-679*3 

9.67936 

9.67959 

9.94390 

9-943^3 

9-94376 

9.94369 

9.94362 

9-73476 

9-735°7 

9-73537 

9-73567 

9-73597 

10.26524 

10.26493 

10.26463 

10.26433- 

10.26403 

10.05610 
10.05617 
V6.05624 
10.0563 1 
10.05638 

10  32134 
10.321 10 
10.32087 
10.32064 
10.32041 

30 

29 

28 

27 

26 

10.32018 

10.31994 

*0.31971 

10.3*1948 

10.31925 

25 

24 

23 

22 

21 

35 

36 

37 

38 

39 

9.67982 
9.68006 
9  68029 
9  68052 
9.68075 

9-94356 

9-94349 

9.94342 

9  94335 
9.94328 

9.73627 

9-73657 

9.73687 

9-73717 

9-73747 

10.26373 
10.26343 
10  263 13 
10.26283 
10.26253 

10.05645 
10.0565 1 
10.05658 
10.05665 
10.05672 

40 

41 

42 

43 

44 

9.68098 
9.68 1 21 
9.68144 
9.68 167 
9.68 191 

9.94321 

9.94314 

9-94307 

9.94300 

9-94293 

9-73777 

9.73807 

9-73837 

9.73867 

9-73897 

10  26223 
10.26193 
10.26163 
10.26133 
10.26103 

10.05679 
10.05686 
10.05693 
10.05700 
10  05707 

10.3 1902 
10.31879 
10.31856 
10.31833 
10.31810 

20 

*9 

18 

*7 

16 

44 

46 

47 

48 

49 

9.682 14 
9.68237 
9.68260 
9.68283 
9.68306 

9.94286 
9  94280 

9-94273 

9.94266 

9.94259 

9.73927 

9-73957 

973987 

9.74017 

974047 

10  26073 
10.26043 
10.2601 3 
10.23983 
so  25953 

10.057 14 
10.05721 
10.05727 
10.05734 
10.05741 

10.31787 

10.31763 

10.31741 

10.31718 

10.31695 

*5 

*4 

*3 

12 

1 1 

50 

5^ 

52 

53 

54 

9.68328 
9.6835 1 
9.68374 
9.68397 
9.68420 

9.94252 

9.94245 

9.94238 

9.94231 

9.94224 

9.74077 

9.74107 

9-74*37 

9.74166 

9.74196 

10.25923 
10.25893 
10.25864 
10.25834 
10  25804 

10  05748 
10.05755 
10.05762 
10.05769 
10.05776 

10.3 1672 
10. 3  1 649 
10.3 1626 
10.3  1603 
10  3 1580 

10 

9 

8 

7 

6 

55 

56 

57 

58 

59 

60 

9.68443 
9.68466 
9.68489 
9.685 1 2 
9.68534 
9.68557 

9-942I7 

9.94210 

9.94203 
9.94196 
9.94 1 89 
9.94182 

9.74226 

9.74256 

9.74286 

9.74316 

9-74345 

9-74375 

10.25774 
10  25744 
10.25714 
10.25684 
10.25655 
!  O.25625 

100.5783 
10.05790 
10.05797 
10.05804 
10.0581 1 
10.058 1 8 

JO  31557 
10.31534 

1 0. 3 1 5 1 1 
10.31489 
10.3 1466 
10  31443 

5 

4 

n 

0 

2 

1 

4 

Sine. 

Tang. 

Secant. 

£2  ! 

•  •— * 

6 1  Degrees. 

2 

[  4§2  ] 


A  Table  of  Artificial  Sines, 

29  Degrees. 

% 
►—  • 

p 

Sine. 

Tang. 

Secant. 

I 

0 

9.68557 

9.94182 

9*74375 

10.25625 

10.058 18 

IO.3I443 

60 1 

1 

9.68580 

9-94I75 

9.74405 

10.25595 

10.05825 

IO.3  I42O 

59 

2 

9.68603 

9.94168 

9*74435 

10.25565 

10.05842 

IO.31397 

58 

3 

9.68625 

9.94161 

9.74465 

10.25536 

10.05839 

10.31375 

57 

/  1 

4 

9.68648 

9.94154 

9  74494 

10.25506 

10.05846 

IO.31352 

— 

5 

9.68671 

9-94H7 

9.74524 

10.25476 

10.05853  j 

10.31329 

55 

t 

9.68694 

9*94I4° 

9*74554 

10.25446 

10.05860 

IO.3  I  306 

54 

7 

9.68716 

9.94133 

9.74584 

10.25417 

10.05867 ! 

IO.3  I  284 

53 

8 

9.68739 

9.941 26 

9.74613 

10.25387 

10.058741 

10  3 1 261 

52 

9 

9.68762 

9-94ii9 

9.74643 

1  o- 2  5  3  5  7 

10.0588 1 

10.3 1 238 

5M 

10 

9.68784 

9.941 1 2 

9.74673 

10.25327 

10.05888 

1 0.3 1  zi6 

5° 

1 1 

9.68807 

9 .94 1  °5 

9.74702 

10.25298 

10.05895 

10.31193 

49 

1 2 

9  68830 

9.94098 

9*74732 

10  25268 

10.05902 

10.3 1 1 7 1 

48 

13 

9.68852 

9.94091 

9.74762 

10.25238 

10.05910 

10  31148 

47 

H 

9  68875 

9  94083 

974791 

10.25209 

10.05917 

10.3 1 1 25 

46 

15 

9.68897 

9.94076 

9.74821 

10.25 179 

10  05924 

1031 103 

45 

16 

9.68920 

9.94069 

9.74851 

10  25150 

10.05931 

10  31080 

44 

*7 

9.68942 

9.94062 

9.74880 

10.25120 

10.05938 

10.3 1058 

43 

18 

9.68965 

9.94055 

9.74910 

10. 25090 

ic.05945 

10.31035 

42 

*9 

9.68987 

9  94048 

9*74939 

10.25061 

10  05952 

10  31013 

11 

20 

9.69010 

9.94041 

9.74969 

10.2503 1 

10-°5959 

10,30990 

40 

21 

9.69032 

9  94034 

9*74997 

10.25002 

10.05966 

10.3096s 

39 
_  <•)  1 

22 

9  69°55 

9  94027 

9.75028 

10.24972 

10  05973 

10.30945 

J 

z3 

9.69077 

9.94020 

9.75058 

10  24942 

TO. 05980 

10.30923 

37 

24 

9  69100 

9.94013 

9.75087 

10.24913 

1  O  05988 

10.30900 

3_6 

25 

9.691 22 

9.94005 

9*75 1  *7 

10.24883 

IO.O5995 

10.30878 

35 

26 

9  69H4 

9.93998 

9*75  *46 

10.24854 

10.06002 

10.30856 

34 

27 

9  69167 

9.93991 

9.75176 

10.24824 

IO  06009 

0 

00 

0 

00 

ua 

33 

28 

9  69190 

9.93984 

9.75205 

10.24795 

10.06016 

10.308 1 1 

32 

29 

9.692 1 2 

9*93977 

975235 

10.24765 

IO.06023 

10.30788 

31 

3c 

9-69234 

9  93970 

9.75264 

10.24736 

IO.0603O 

10.30766 

3° 

Sine. 

Tang. 

Secant. 

c 

60  Degrees . 

%  j 

[  4«3  ] 


Tangents,  and  Secants. 


29  Degrees. 


30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 


47 

48 

49 


5° 

5 1 

52 

53 

54 


55 

56 

57 
5** 

59 

60 


Sine. 


9.69234 

9.69256 

9.69279 

9.69301 

9.69323 


9  69345 

9.69368 
9.69390 
9.6941 2 
9-69434 

9.69456 

9  69479 

9.69501 

9.69523 

9.69545 


9.69567 
69589 
9.6961 1 
0.69633 

9-69655 

9.69677 

9.69700 

9.69722 

9.69744 

9.69761; 


9.93970 

9.93963 

9-93955 
9  93948 
9  9394 1 


9-93934 
9*939  27 

9-939*9 

9.93912 

993905 


9.93898  9 
9.93891 
9.93884 
9.93876 
9.93869 


9.93862 

9-93855  9 

9.93848 
9.93840  9 

9-93833 


9.93826 
9.93819 
9.938 1 1 


9  93797 


9.69787  9  93790  9-75998 


9.69809  9.93782 


Tang. 


9.75264 

9.75294 

9-75323 

9-75353 

9,75382 


9.75412 

9  75441 

9.75470 

9.75500 

9.75529 


75559 
9.75588 

9.75617 

9.75647 

9.75676 


9.75705 

75735 
9.75764 

75793 
9.75822 


9  75852 
9.758S1 

9*75  9° 1 


Secant. 


0.24736 
0.24706 
0.24677 
0.24647 
0.2461 8 


0.06030 

0.06038 

0.06045 

0.06052 

0.06059 


o.  24589 
0.24559 
0.24530 
0.24500 
0.2447 1 


0.24442 
0.2441 2 
0.24383 
0.24354 
0.24324 


9.03804  975940 


9  75969 


9.6983 1 
9.69833 
9.69875 
9.69897 


9  93775 

9.93768 

9.93760 

9-93753 


9.76027! 

9.76056! 

9.76086; 

9-7&1 '5 ! 
9.76144; 


0.24295 

0.24266 

0.24236 

0.24207 

0.24178 

0.24148 
0.241 19 
0.24090 
0.24061 
0.2403 1 

0.24002 
o  23973 
0.23944 
o  23914 
0.23885 
0.23856 


0.30433 
0.3041 1 
0.30389 
[0367 
0-30345 
0.30323 
0.30301 
0.30279 
0.30257 
0.30235 


0.06066 
0.06073 
0.0608 1 
0.06088 
0.06095 

0.06102 
0.06109 
0.061 16 
0.06124 
0.061 3 1 

0.06138 
0.06145 
o  06153 
0.06160 
0.06167 

0.06174 

0.06182 

0.06189 

0.06196 

0.06203 

0.0621 1 
o  06218 
0.06225 
0.06232 
0.06240 
0.06247 


0.30766 
0.30735 
0.30722 
o  30699 
0.30677 


0.30655 
0.30632 
o  30610 
10589 


o. 


0.30566 


0.30544 

0.30521 

0.30400 

0.30477 

0.30455 


30 

29 

28 

27 

26 


[  4^4  ] 


A  Table  of  Artificial  Sines, 


30  Degrees. 


Min.  1 

Sine. 

Tang. 

Secant. 

±  . 

0 

9.69897 

9-93753 

9  76144 

10.23856 

10.06247 

!  O  30103  |6C 

1 

9.699 !  9 

9-93746i9-76i73 

10.23827 

10.06254 

IO  30081 

59 

2 

9  69941 

9  93739!9-76202 

10.23798 

10.06262 

IO.3OO59 

58 

3 

9.69963 

9-9373 1 

9.76231 

10  23769 

10.06269 

IO.3OO37 

57 

4 

9.69984 

9.93724(976261 

1023739 

10.06276 

10  30016 

56 

5 

9.70006 

9.93717 

,9.76290 

10.237 10 

1 0.06284 

10.29994 

55 

6 

9.70028 

9  937c9  9*763 1 9 

10. 2368 1 

10.0629 1 

10.29972 

54 

7 

9.700.0(9.93702 

|9-76348 

10  23652 

10.06298 

10.29950 

53 

8 

9.7007219.93695 

9  76377 

10.23623 

0  06305 

1 0.29928 

'5  2 

9 

9.70093(9.93687 

*9.76406 

10.23594 

1 0.063 13 

10.29907 

5i 

10 

9.701 15 

9.93680 

976435 

10.23565 

10.06320 

1 0.29885 

5° 

1 1 

9-7OI37 

9.93673I9.76464 

10.23536 

10.06328 

10  29863 

49 

1 2 

9.70159 

9.9366, 

;9-76493 

10.23507 

10.06335 

10  29842 

48 

9  70180 

9.93658-9.76522 

10.23478 

10.063212 

I  0  29820 

47 

14 

9.70202 

9.93651 

'9  76551 

10  23449 

TO  06350 

10.29798 

46 

15 

9.70224 

9  93643.9. 76581 

10.23420 

IO  06357 

10.29776 

45 

1 6 

9  7oz45 

9.93636(9.76610 

(10.23391 

IO.C6362L 

10  29755 

44 

17 

9.70267 

9.93628(9.76639 

ho  23362 

IO.06372 

10.29733 

43 

18 

9.70289 

9.93621  |g. 76668 

1°  23333 

1  0  06379 

10  29712 

42 

19 

O  j 

S' 

I9.93614  9.76697 

10  25304 

10  06386 

TO  29690 

41 

20 

9-7°332 

9  9360619.76726 

110.23275 

j  10  06394 

IO.2966S 

40 

21 

9-7°353 

9  93599j9-76755 

*10.23246 

1 10.06401 

IO.29647 

39 

22 

97°375 

9  93 59 1  9  76783 

10.23217!  TO. 06409 

IO.29625 

38 

23 

9.70396 

9-93584  976812 

;  O.23  l88 

i  10.06416 

TO. 29604 

37 

24 

9  70418 

9  93577;9  "6841 

IO.23159 

j  10  06423 

1 10  29582 

36 

25 

9.70440 

9.93569  9.76870 

lO  23130 

i  10.0643 1 

1  i  0  29561 

35 

26 

9.7046 1 

9.93562  9  76899 

10.23  IOI 

!  1 0  0643  8 

1°  29539 

34 

27 

9.70483 

9  93554  9-76928 

10.  23072 

10.06446 

10  29518 

33 

28 

9  7°5°4 

9-93547  9  76957 

10.23043 

10.06453 

10  29496 

32 

29 

9.70525 

9.93540  9.76986 

10.23014  10  06461 

10.29475 

3 1 

3° 

9.70547 

9-93532i9-77OI5 

10  22985  10.06468 

10.29453 

1 

Sine. 

1 

!  Tang. 

1 

Secant. 

c 

59  Degrees. 


[  485  ] 


Tangents,  and  Secants. 


30  Degrees. 


Min. 

Sine. 

Tang. 

Secant. 

t 

30 

3 1 

32 

33 

34 

9-7°547 

9.70568 

9.70590 
9.7061 1 
9.70633 

9-93532 

9'93525 

9  935 1 7 
9.93510 

9  93502 

9-77° 1 5 
9.77044 

9.77073 

9  77102 
9.77130 

10.22985 
10  22956 
10.22927 
10.22899 
10.22870 

10.06468 

ic.06475 

10.06483 

10.06490 

10.06498 

10.29453 

10.29432 

10.29410 

10.29389 

10.29367 

35 

36 

37 

38 

39 

9  70654 
9.70675 
9.70697 
9.70718 
9.70739 

9-93495 

9.93487 

9.93480 

9.93472 

9.93465 

9-7  7 1 5  9 
9  77*88 
9.77217 
9  77246 
9.77275 

10.2284.1 
10.2281 2 
10.22783 
10.22754 
10.22726 

10.06505 
10.065 1 3 
10.06520 
10.06528 
10  06535 

10.29346 
10.29325 
10.29303 
10.29282 
10  29261 

4° 

4T 

42 

43 

44 

9.70761 

9.70782 

9,70803 

9.70825 

9.70846 

9-93457 

9-9345° 

9.93442 

9-93435 

9.93427 

9.77303 

9-77332 

9.77361 

9.77390 

9.77418 

10.22697 
10.22668 
10  22639 
10.22610 
10.22582 

10.06543 

10.06550 

10.06558 

10.06565 

10.06573 

10.29239 
10.29218 
10.29197 
10.291 76 
10.29154 

45 

46 

47 

48 

49 

9  70867 
9.70888 
9.70909 

9  7°93I 
9  70952 

9.93420 

9.93412 

9.93405 

9-93397 

9-9339° 

9-77447 

9.77476 

9  775°5 

t9*77533 

977^62 

10.22553 

10.22524 

10.22495 

10.22467 

10.22438 

10.06585 

10.06588 

10.06595 

10.06603 

1 0.06610 

10.29133 
10.291 1  2 
10.29091 
iio. 29069 
(10.29048 

5° 

5 1 

52 

53 

54 

9  70973 
9.70994 

9-7IOI5 

Q. 7IO36 
9.7IO58 

9  93382(9-77591 
9-93375  9-7762° 
9.9336719.77648 
9.93360:9.77677 
9^-9 3 352(9  777°6 

10.22409 
10.22381 
10.223  52 
10.22323 
10.22295 

1 0  0661 8 
10.06625 
10.06633 
10.06640 
10.06648 

jio  29027 
10.29006 
10.28985 
10.28964 
10  28943 

55 

56 

57 

58 

59 

60 

9.7 1 079 
9.71 1 00 
9.71 1 21 
9.71142 
9.71 163 
9.711.84 

9-93344 
9-93337 
9  93329 
9  93322 

9-933  ?4 
993307 

9-77734 

19.77763 

9  77792 
9.77820 
977849 
,9  77877 

10.22266 
10.22237 
10.22209 
10  22180 
10.2215 1 
10  221 23 

10.06656 
10.06663 
10  06671 
10.06678 
1 0.06686 
1 0.06693 

10.28921 
10.28900 
10.28879 
:io. 28858 
•  10.28837 
'  1 0. 2  8  8 1 6 

- —  1 

Sine,  s 

1  Tang. 

|  Secant,  j 

28 

27 

261 

25 

241 

23 

22 

21 

20 

9 
8 

7 

6 

5 

4 

3 
2 

1 


9 

8 

7 

6i 

5 

4 

3 

2 

1 

o 


59  Degrees. 


is 


1 


; 


% 

f4S6]  '  I 


A  Table  of  Artificial  Sines, 

3  I  Degrees. 

i  Min.  | 

Sine. 

Tang. 

Secant. 

o 

9.71184 

9.93307 

977877 

10.221  23 

10.06693 

10.28816 

60 

i 

9.71205 

9.93299 

9.77906 

10.22094 

10.06701 

10.28795 

59 

2 

9.71 226 

9.9329! 

977935 

10.22065 

10.06709 

10.28774 

58 

3 

9.71247 

993284 

977963 

10.22037 

10.06716 

10.28753 

57 

4 

9.71  268 

9  93276 

9.77992 

10  22008 

10.06727 

10.28732 

56 

5 

q. 71 289 

9.93269 

9.78020 

’0.21980 

10.0O732 

10.2871 1 

55 

6 

9- 7 1 3 1 0 

9  93261 

9.78049 

10.21951 

10.06739 

10  28690 

54 

7 

9  7 1 3  3 1 

9-93253  |978o78 

10.21923 

10.06747 

10.28669 

53 

8 

9.71352 

9.93246 

9.78106 

10.21 894 

10.06754 

10.28648 

52 

9 

971373 

9  93238 

978135 

10.2!  865 

1 0  06762 

10  28627 

£*. 

IO 

97*394 

9  93230 

978-63 

10.2I837 

10.06770 

10.28607 

5° 

1 1 

97*4*4 

9.93223 

9.78192 

10.2  I  808  j  IO.06777 

10.28586 

49 

I  2 

9  7*435 

9.93215 

9.78220 

IO.  21 780 

10  06785 

10.28565 

48 

13 

971456 

9.93208 

9.78249 

10,21751 

10.06793 

10.28544 

47 

*4 

971477 

9.93200 

978277 

10  21  723  flO. 06800 

10  28523 

46 

*5 

9  7 1 49s 

9.93192 

978306 

10  21695 

10.06808 

1028502 

45 

16 

9  7*5*9 

9  93*85 

978334 

10.21666 

10.06816 

10  28481 

44 

'7 

97*539 

9.93177 

978363 

IO  21637 

10.06823 

10.28461 

43 

1 8 

q  71560 

9.93169 

97839; 

IO.21609 

1 0.0683 1 

10.28440 

42 

19 

97*58* 

9-93 1 6 1 

9  78419 

10.21  581 

10.06839 

10.28419 

il 

20 

9.71602 

9-93*54 

9.78448 

IO.2I552 

10.06846 

10.28398 

40 

21 

9.71622 

9.93146 

9.78479 

IO.2I524 

10.06854 

10.28378 

39 

22 

971643 

9  93*38 

9.78505 

10  21495 

10.06862 

10.28357 

38 

23 

971663 

9  93*3* 

978533 

I  O.  21467 

10.06869 

iO  28336 

37 

24 

9.71685 

9.93123 

9.78562 

10  21438 

10.06877 

IO.283  I  5 

36 

25 

97*  7°5 

9.931 15 

9.78590 

IO.214IO 

10.06885 

IO.28295 

35 

26 

q.  7 1 726 

9.93108 

9.7861 8 

10.21  382 

10.06893 

IO.28274 

34 

27 

9.71747 

9.93100 

978647 

IO.21353 

10.06900 

IO.28253 

33 

28 

97*  767 

9.93092 

978675 

IO.2I325 

10.06908 

IO.28233 

32 

29 

9.71 788 

9.93084 

9.78704 

10,2  I  296 

10.06916 

10  28212 

3i 

3° 

9.71809 

9  93°77 

9.78732 

1C  21 268 

1 0.06923 

IO.28192 

12 

Sine. 

Tang. 

Secant. 

c 
•  »— 1 

58  Degrees. 

C  487  ] 


Tangents, 

and  Secants. 

3  1  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

3° 

9,71  8oq 

9.93077 

9.78732 

10.21 268 

10.06923 

10  28192 

30 

3* 

9.7 1 829 

9.93069 

9.78760 

10.21 240 

10  0693 1 

10.28171 

29 

32 

9.71 8qo 

9.93061 

9.78789 

10.21 21 1 

10  06939 

10  281 50 

28 

33 

9  71870 

9  93053 

9  78817 

10.21 1 83 

10.06947 

10.28130 

27 

34 

9.71891 

9.93046 

9.78845 

10.21 1 55 

10.06954 

10.28 109 

26 

35 

9>7*911 

9.93038 

9  78874 

10.21 1 26 

10.06962 

10.28089 

25 

36 

9-7*932 

9.93030 

9.78902 

10.21098 

10.06970 

10.28068 

24 

37 

9  7*953 

9  93022 

9.78930 

to. 21070 

10.06978 

10  28048 

23 

38 

9.71973 

9  93°* 5 

9.78959 

10  21042 

10.06986 

10.28027 

22 

39 

9  7*994 

9.93007 

9  78987 

10.21013 

10.06993 

1 0.28007 

21 

40 

9.72014 

9.92999 

9*79° 1 5 

10.20985 

10.07001 

10  27986 

20 

41 

9.72035 

9  92991 

9.79043 

10.20957 

10.07009 

10  27966 

*9 

42 

9.72055 

9  92983 

9.79072 

10.20928 

10  07017 

10.27945 

1  8 

43 

9.72075 

9.92976 

9  79100 

10  20900 

10.07025 

10.27925 

*7 

44 

9  72096 

9.92968 

9  79128 

10.20872 

10  0703  2 

1 0.27904 

16 

45 

9721 16 

9.92960 

9  79* 56 

10.20844 

1 0.07040 

10.27884 

*5 

46 

9.72137 

9.92952 

9-791 8; 

10.208 1  5 

10.07048 

10.27863 

1  i 

47 

9-721 57 

9.92944 

9.79213 

10.20787 

1 0  07056 

10.27843 

*3 

48 

9.72177 

9.92936 

9  79241 

10.20759 

10.07064 

10.27823 

1 2 

49 

9.72198 

9  92929 

9  79269 

10.2073 1 

10.07071 

10. 27802 

1 1 

5° 

9  72218 

9.92921 

9.79297 

10.20703 

10.07079 

1027782 

10 

5 1 

9.72239 

9,92913 

9.79326 

10  20674 

10  07087 

10  27762 

9 

52 

9.72259 

9.92905 

9-79354 

10  20646 

10.07095 

10  27741 

8 

53 

9.72279 

9.92897 

9.79382 

10.2061 8 

10.07 1  °3 

10  27721 

7 

54 

9  72299 

9.92889 

9.79410 

10.20590 

10.07 1 1 1 

1 0.27701 

6 

55 

9.72320 

9.92881 

9  79438 

10.20562 

10.071 1 8 

10  27681 

5 

56 

9.72340 

9  92874 

9.79466 

10  20534 

10.071 26 

»o  27660 

L 

57 

9.72360 

9  92866 

9  79495 

10  20505 

10.07134 

to  27640 

3 

58 

9.72381 

9.92858 

9  79523 

10  20477 

10  07142 

•  0  27620 

2 

59 

9.72401 

9  92850 

9  7955* 

10  20449 

10.07  1  50 

10  2'  599 

* 

6c 

0.72421 

9  92842 

19  ”9579 

ro  2042 i 

ro  071 58 

0.27579 

c 

Sine 

r 

Tang 

Secant 

r * 

L 

58  Degrees . 

[  488  ] 


A  Table  of  Artificial  Sines, 


32  Deg 


rees. 


o 

1 

2 

3 

4 

5 

6 

7 

S 

9 

10 

1 1 

1 2 

1 3 

11 

15 

16 

'7 

18 

iQ 


20 

21 

22 

23 

£4 

25 

?6 

27 

28 


Sine. 


9  72421 
9.7244* 
9.72461 
9  72482 
9.72502 


9.72522 

9.72542 

9.72562 

972582 

9.72602 


9.92842 
9.92834 
9.92826 
9.92S1 8 
9.92810 


9.72623 

9 72643 

9.72663 

9.72683 

9-72703  19.9273  1 


9.92803 

9.92795 

9  92787 
9.92779 
9  92770 


9.92763 

9  92755 

9.9274' 

9  9 27  3 


9 •  7 2 7 2 3  (  q.92723 
9  7  2  7  4  3 19  9  2  7 1 5 
9.72763 1 9  92-07 

9-72783i 9  9z699 

9  72803(9.9 

~8l 


269 1 


9.7; 

9.72843 

9. 72863 
9.72883 
9.72902 


9.92683 
9.92675 
9.92667 
9.92659 
9.9265 1 


9.72922 
9.72942 
9.72962 
9.72982 
29  19.73002 
3019.73022 


9.92643 
9.92635 
9  92627 
9.9261 9 
9.9261 1 
9.92603 


Sine. 


Tang. 


9-79579 

9.79607 

979635 

9.79663 

9  7969! 


9*797 1 9 
9*79747 

9  79776 
9.79304' 

9.79832; 


9.7986  b 
9.798881 
9  799161 
9  9*799441 
9*  ~9Q72‘ 


9.80000,' 
9.80028 1 
9. 80056; 
9.80084! 
9.80I  I2j 


9  80I4O 
9.80168 
9.80196 
9.80223 
9  80251 


9.80279 
0.80507 
9.80335 
9  80363 
9.80391 
9  80419 


10.20421 

10.20393 

10.20365 

10.20337 

10.20309 

10.20281 
10.20253 
10.20225 . 
10  20196 
10.201 68 

10.20140 
10.201 1 2 
1 0.20084 
10.20056 
10.20028 

1 0.20000 
10.  *  9972 
10  19944 
10. 199 1 6 
10.19888 

10.19860 

10.19833 

10.19805 

10.19777 

10.19749 

10.19721 

10.19693 

10.19665 

10.19637 

10.19609 

10.19581 

Tang. 


Secant. 

0.07158 
0.07166 
0.071 74 
0.071 82 
0.07190 


0.07198 
0.07205 
o  0721 3 
0.07221 
o  07229 


0.07237 

0.07245 

0.07253 

0.07261 

0.07269 


0x7277 
o. 072.85 
0.07293 
0.0730 1 
o  07309 


0.07317 
0.07325 
0.07333 
0.07341 
o  07349 


°.°7357 

o  07365 
0.07373 
o  07381 
0.07389 

o.°7397 


10.27579 
10.27559 
10.27539 
10.275 1 8 
10  27498 


1  o  27478 
10.27458 
10.27438 
1 0.2741 8 
-o  27398 


10.27378 
10.27357 
10.27337 
10  27317 
10  27297 

10.27277 
10  27257 
10.27237 
10  2721 7 
10.27197 


to  27177 
10.271 57 
10.27137 
10.271 1 8 
10  27098 

10  27078 
10.27058 
10  27038 
10. 2701 8 
10  26998 
10  26978 

Secant. 


57  Degrees. 


60 

59 

58 

57 

56 

55 
54 
53 
52 

il 

5° 

49 
48 

47 

15 

45 
44 

43 
42 

11 

38 

37 
36 

35 
34 
33 
32 

31 

30 


: 


[  489  ] 


Tangents, 

and  Secants. 

32  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

3° 

973°22 

9  92603 

5.80419 

10.19581 

10.07397  1 

0.26978 

50 

973042 

9.92595 

9  80447 

10  1 95  5  3 

10.07405 

0  26959 

^9 

32 

9  73°6I 

9.92587 . 

5.80475 

10.19526 

10.07413 

[0.26939 

z8 

33 

9.73081 

9,92579 

9.80502 

10.19498 

10.07421 

10.26919 

27 

34 

9*73 1 0 1 

9  9257‘ 

9  8053c 

10.19470 

10.07429 

10.26899 

26  i 

35 

9-73 1 21 

992563 

9.80558 

10.19442 

I°-°7437 

10.26879 

25 

36 

973 1 4° 

9.92555 

9.80586 

10.19414 

10.07446 

10.26860 

24 

37 

973i6° 

9.92547 

9  80614 

10. 19386 

10.07454 

10.26840 

23 

'  38 

9.7318° 

9.92538 

9.80642 

10.19359 

10.07462 

1 0.26820 

22 

39 

9  73200 

9.92530 

9.80669 

10.19331 

10-07470 

10.26800 

21 

40 

9-7  3  2 1 9 

992522 

9.80697 

10.19303 

10.07478 

10.26781 

2° 

41 

9.73236 

9  925  1 4 

9  80725 

10.19275 

10.07486 

10.26760 

*9 

42 

9.73256 

9.92505 

9.80753 

10.19247 

10.07494 

10.26741 

18 

43 

9.73278 

9.92498 

9.80781 

10.19220 

10.07502 

10.26722 

>7 

44 

9.73298 

9.92490 

9.80808 

1019192 

TO. O75  IO 

10.26702 

1 6 

45 

9  733l8 

9,92482 

9  80836 

10.19164 

IO.O75  1  8 

10.26682 

*5 

46 

973337 

9.92474 

9.80864 

ic.191 36 

IO.O7527 

10.26663 

*4 

47 

9  73357 

9.92465 

9.80892 

10. 19108 

10.07534 

10.26643 

1 3 

48 

9-73377 

992457 

9.80919 ,10.19081 

1  0-07543 

[0.26624 

1 2 

49 

9.73396 

9.92449 

9.80947110.19053 

IOO755I 

1 0. 26604 

1 1 

5° 

973416 

9.92441 

9.80975 

}io.  19025 

10.07559 

10.26584 

10 

51 

9  73435 

9-92433 

9.81003 

,10,18998 

IO.O7567 

10.26565 

9 

52 

973455 

9.92425 

9.81030 

10.18970 

10.07575 

10.26545 

8 

973474 

9.92416 

9.81058 

10.18942 

10.07584 

10.26526 

7 

54  9-73494 

9.92408 

9S1086 

10. 1 8914 

IO.O7592 

10.26506 

6 

55 

97  3  5 1 3 

9.92401 

9.81 113 

10. 1  8887 

IO. 07600 

10.26487 

5 

56 

973533 

9.92392 

981141 

1 0. 1 8859 

10.07608 

10.26467 

4 

57 

9  73553 

9-92384 

9.81 169 

10. 1  8831 

10.07616 

10.26448 

3 

58 

9  73572 

9.92376 

9.81 196 

1 0. 18804 

10.07625 

1C. 26428 

2 

59 

9  73591 

9  92367 

9.81 224 

10. 18775 

10.07633 

10.26409 

? 

60 

9.7361 1 

9  92359 

9  81252 

10. 1 8748 

10.07641 

10.26389 

0 

Sine. 

Tang. 

Secant.  < 

57  Degrees. 

|2 

/ 


[  49°  J 


A  Table  of  Artificial  Sines, 


3  3  Degrees. 


o 

1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

1 1 
I  2 

13 

H 


15 


16  9 

1 7 

18 


12 

20 

21 

22 

23 

24 


2> 

26 

27 

28 

29 

12 


Sine. 


9.73610 

9.73630 

9.73650 

9.73669 

9.73689 


9.73708 

9.73727 

9-73747 

9.73766 

9.73786 


9.73805 
9.73824  9 

9'73843 

9-73863 

9.73882 


9*739° 1 

73921 

9.73940 

9-73959 
9  73978 


9.73998 

9.74017 

9.74036 

9.74057 

9.74074 


9.74093 

9741 1 3 

9.74132 

9.74151 

9-74I7° 

9.74189 


Tang. 


9-92359;9-8i252 
9.92351  9.81279 
9.92343  9.81307 
9.92335  9  81335 
9.92326  9.81 362 


9  92318 
9.923 10 
9.92302 
9.92293 
9  92285 


9. 8 
9.8 
9.8 
9.8 
9.8 


9.92277 
92269 
9.92260 
9.92252 
9  92244 


9.8 

9.8 

9.8 

9.8 

9.8 


9.92236  9.8 
9.92227  9.8 
9.92219  *9.8 
9.922 1 1  19.8 
9.92202  '9  8 


9. 8 
9.8 

.  _.8 
9.92169  9.8 


9.92194 
9.921 86 
9  92177  9 
0.02160  q 


q. 92161 


9.8 1 9 1 3 


9.921  52 

9  92I44 

9.92136 

9.921  27 
9.921 19 
9.92 1 1 1 

Sine. 


9.8 


39° 

41 8 

445 

473 

500 


528 

556 

583 

61 1 
638 

666 

693 

721 

748 

776 


804 
83 1 
859 
886 


941 


9.81968 
9  81996 
9.82023 
9.8Z051 
q. 82078 


o.  1 8748 
0.1  8721 
o.  1 8693 
o.  1 8665 
o.  1 8638 


o.  1 8610 
0.18582 
0.18555 
O.  I  8527 
O.  I  8500 


0.1 8472 
O.  I  8445 
o  18417 
O.  I  8389 
o  18362 


o  18334 
o. I  8307 
o.  I  8279 
0.1 8252 
o.t  8224 


o. I  8197 
0.18169 
O.  I  8142 
o. 1 81 1 4 
O.  I  8087 


O.  I  8059 
O.  I  8032 
0.18004 
0.17977 
0.17949 
0.17922 

Tang. 


Secant. 

0.07641 
0.07649 
0.07657 
0.07666 
o  07674 


0.07682 

0.07690 

0.07698 

0.07706 

0.07715 


0.07723 
0.07731 
0.07740 
0.07748 
o.  07756 


0.07765 
0.0777  3 
0.07781 
0.07789 
0.07798 


0.07806 

0.07814 

0.07823 

0.07831 

0.07839 


0.07848 

0.07856 

0.07864 

0.07873 

0.0788? 

0.07889 


10.26389 
10.26370 
10.26350 
10  2633 1 
10  263 1 1 


10.2629  2 
10.26273 
10.26253 
10.26234 
10.2621 5 


10.261 95 
10.261 76 
10.261 57 
10  261 37 
10  26118 


10.26099 
10.26079 
10.26060 
10.26041 
1 0.26022 


10.26003 

10.25983 

10.25964 

10.25945 

10.25926 


10.25907 
10.25888 
10.25868 
10  25849 
10.25830 
10.25811 

Secant. 


5  6  Degrees. 


60 

59 

58 

57 

56 


55 

54 

53 

52 

5i 


5° 

49 

48 

47 

46 

45 

44 

43 

42 

11 

40 

39 

38 

37 

36 

35 

34 

33 

32 

3i 

30 


Min  J  O  <->  N  m  r»-j  lonO  r^oo  o  O  >-  N  wnvO  t^OO  OjO  -*  N  m  -rf-  [  u-NVO  f^oo  ON  o 

I  f<N  c<N  ro  tn  rr>  |  to  r<~>  to  to  to  tJ-  •+  Tf-  I  tJ-  tJ~  -rf-  1  u-\  lo  ia  IA  u/n  |  IA  \-r\  to  to  ia\D 


[  49 1  ] 


3  3  Degrees. 


Sine. 

Tang. 

Secant. 

9.74189 
9.74208 
9.74227 
9  74246 
9.74265 

9.921 1 1 
9  92102 
9.92094 
9.92086 
9.92077 

9  82078 
9.82106 
9.82133 
9  82161 
9.82188 

10. 1 7922 
ic.i  7894 
10. 1 7867 
10.17839 
10. 1 781  2 

10.07889 

10.07898 

10.07906 

10.07914 

10.07923 

10.2581 1 
10.25792 
10.25773 
10.25754 

1 °- 2573  5 

9.74284 

9.74303 

9.74322 

9-74341 

9.74360 

9.92064 
9  92060 
9.92052 
9.92044 
9.92035 

9.8221 5 
9.82243 
9.82270 
9.82298 
9.82325 

10. 1 7785 

1  °- 1 7757 
10.17730 

10. 17702 
10. 1 7675 

10.07931 

10.07940 

10.07948 

10.07956 

10.07965 

10.25  7 1 6 
10.25697 
10.25678 
10.25659 
10. 25640 

9*74379 

97439s 

9.74417 

9.74436 

974455 

9.92027 
9.9201 8 
9.92010 
9.92002 
9.91993 

9.82352 
9.82380 
9.82407 
9.82435 
9  82462 

1 0.1 7648 
10.17620 
10.17593 
10  1 7565 

IO- 1 753s 

10.07973 
10.07982 
10.07990 
10  07999 

1 0.08007 

10.2562 1 
10.25602 
10.25583 
10.25564 

1  °- 2  5  5  54 

974474 
9  74493 
9745 1 2 
9  745  3 1 
974549 

9.91985 

9-9*976 

9.91968 
9  91959 
9  9*95* 

9.82489 
9. 82;' 7 
9.82544 
9.82571 
9.82599 

10.17511 
10.17483 
10.17456 
10. 1 7429 
10. 1 7401 

10.0801 5 
10.08024 
10.08032 

1 0.08041 
10.08049 

1 0.25526 
10.25507 
10.25488 
10.25469 
10.2545 1 

974568 

9.74587 

9.74606 

9.74625 

974644 

9.9^42 
9.91934 
9.91925 
9  91917 
9.9 1908 

9.82626 

9.82653 

9.82681 

9.82708 

9.82735 

io-i7374 

i°-I7347 
10. 1 7320 
10.17292 
10. 1 7265 

10  08058 
10.08066 
10.08075 
ic. 08083 
10.08092 

10. 25432 
10.25413 
10.25394 
10.25375 
10.25356 

9.74662 

9.74681 

9.74700 

9747*9 

974737 

9.74756 

9.91900 
9.91 892- 
9.91 883 
9.91874 
9.91 866 
9  91877 

9.82762 

9.82790 

9.82817 

9.82844 

9.82872 

9.82899 

10. 1 7238 
50.17210 
10. 1 71 83 
10.17156 
10.171 29 
10.17101 

10.08100 
10.08109 
10.08 1 1 7 
10  081 26 
io.oSi  34 
10.08143 

10.25338 
10.25319 
10,25300 
10  25281 
10.25263 
10.25244 

1  Sine. 

Tang. 

Secant. 

56  Degrees. 


20 


10 


wi- 


■•V 


jll#! 


I 


/ 


[  492  3 


A  Table  of  Artificial  Sines, 

34  Degrees. 

2 
M  • 

3 

• 

Sine. 

Tang. 

Secant. 

o 

1 

2 

3 

4 

5 

6 

7 

8 

9 

1  0 

1 1 

I  2 

1 3 

14 

9.74756 

9-74775 

9-74794 
97481 2 

974831 

9.91857 
9.91849 
9.91 840 
9.91832 
9.91823 

9.82899 

9.82926 

9.82953 

9.8298I 

9.83OO8 

10. 7101 
10.7074 
10.7047 
10.7020 
10.16992 

10.08143 
10.0815 1 
10.08160 
10.08168 
10.0877 

10.25244 
10.25225 
10.25206 
10.25188 
10  25169 

60 

59 

58 

57 

56 

55 

54 

53 

52 

5* 

9.7485° 

974868 

9.74887 

974906 

974924 

9  9l8>5 
9.9  I  806 

9.9798 

9  9*789 
9.91 781 

9. 83035 
9.83062 
Q.83O89 
9.83*7 
9  83*44 

10.16965 
10.16938 
10.1691 1 
10.16884 
10.16856 

10.081 85 
50.08194 
10.08202 
10.0821 1 
10.08220 

10.25 1 50 
1025132 
10.251 1 3 
10.25094 
10.25076 

9-74943 

974962 

974980 
9.74999 
975° 1 7 

9.9772 

9.9763 

9  9*755 
9.9746 

99738 

9.8371 

9.83*98 

9.83225 

9.83253 

9.83280 

10.16829 
10.16802 
10.16775 
10.16748 
10  16720 

10.08228 

10.08237 

10.08245 

10.08254 

10.08262 

10.25057 
10. 25039 
10.2502c 
10.25001 
10.24983 

5° 

49 

48 

47 

46 

45 

44 

43 

42 

41 

1 5 

16 

17 

18 

*9 

975036 

975054 

9-75°73 

9.75091 

9*75 1 10 

9.9729 

9.9720 

99712 

9.9703 

9.91695 

9-833°7 
9  83334 

9*8336i 
9  83388 
9.8347 

10.16693 
10.16666 
10.16639 
10.166 1 2 
10.16585 

10.08271 

10.08280 

10.08288 

10.08297 

10.08305 

10.24964 

10.24946 

10.24927 

10.24908 

10.24890 

20 

21 

22 

23 

24 

975128 
9*75 1 47 
9-75  i65 
9-75i84 

975202 

9.91686 

9-9*677 

9.91669 

9.91660 

9.91651 

9  83443 

9-8347° 

9.83497 

9.83524 

9.83551 

10.16558 

10.16530 

10.16503 

10.16476 

10.16449 

10.08314 

10.08322 

10,08331 

10.08340 

10.08349 

10.24872 

10.24853 

10.24835 

10.24816 

10.24798 

40 

39 

38 

37 

36 

25 

26 

27 

28 

29 

3° 

9*75 22 1 
9-75239 
9.75258 

9.75276 

9.75294 

9*753*3 

9-9*643 

9-9*634 

9.91625 
9  9167 
9.91608 
9.91599 

9.83578 
9.83605 
9  83632 
9.83659 
9.83686 
9.83713 

10.16422 

10.16395 

ic.  16368 

10.16341 

10.16314 

10.16287 

10.08357 

10.08366 

10.08375 

10.08383 

10.08392 

10.08401 

10.24779 
10.24761 
10.24742 
10.24724 
10.24706 
ic.  24687 

35 

34 

33 

32 

3* 

30 

Sine. 

Tang. 

Secant. 

c 

•  . 
s 

5  5  Degrees. 
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Tangents,  and  Secants. 

34  Degrees. 

|  Min. 

Sine. 

Tang. 

Secant. 

3° 
3  1 

32 

33 

34 

9*75  3 1 3 
9-75331 
9-7535° 
9  75368 
9  73386 

9.91599 
9  9 1 5  9 1 

9  91582 

9  •  9 1 573 
9  91 365 

9  837*3 
9.83741 
9.83768 
9.83795 
9.83822 

10  16287 
10. 16260 
10.16232 
10.16205 
10. 16178 

10.08401 
10.08409 
10  08418 
10  08427 
10  08435 

-IO.24687 

1  O.24669 
IO  2465 I 

ro  24632 
10.24614 

30 

29 

28 

27 

26 

55 

36 

37 

38 

39 

9-754°5 

9.75423 

9  75441 
9.75460 

9  75478 

9  9 1 5  5  6 
9-91 54" 
9-9 1 5  39 

9  91 53° 
9.91521 

9.83849 
9  83876 
9  839°3 
9  8393° 
9  83957 

10  16151 
10.16124 
10  16097 
10.16070 
10  16043 

10  08444 
10.08453 
10  084.62 
10.08470 
10  08479 

10.24595 
10.24577 
10  24559 
10.24541 
10.24522 

25 

24 

23 

22 

2f 

40 

41 

42 

43 

44 

9.75496 

9.75514 

9  75533 
9  7555  1 
9  75569 

9  9 1 5 1 2 
9  9 1 5°4 

9-9I49: 
9  9148^ 

9  91477 

9.83984 
9.8401 1 
9  8 1038 
9  84065 
9  84092 

10  1 60 1 6 
10. 1 5989 
10. 1 5962 

*°-  *5935 
10  1 S908 

1 0.08488 
10.08497 
10.08505 
[0. 085 14 
10  08523 

10.24504 
10  24486 
10.24467 
10. 24449 
10  2443 i 

2C 

*9 

18 

*7 

16 

10.08532 
10  08540 
10.08549 
10  08558 
10.08567 

10  2441 3 
10  24391 
io  24376 
10.24358 
10  24340 

*5 

*4 

*3 

12 

1 1 

45 

46 

47 

48 

49 

9  75587 
9  75605 
9.75624 
9.75642 
9  75660 

9.91469 

9.91460 

9-9*4? 1 

9  9*442 
9.91435 

9.841 19 
9  84146 
9.84173 
9.84200 
9.84227 

10  15881 
10  15854 
10. 15827 
10  1580a 
10-V5773 

50 

5' 

52 

53 

54 

9  756  8 
9.75696 

9-75  7 1 4 
9-75733 
9-7575  1 

9  9*425 
9.91416 
9.91407 
9  9x3Q8 
9  91389 

9  84254 
9.8428 1 
9  843°7 
9-84334 
9.84361 

10  15747 
10. 1 5720 
10. 15693 
10. 15666 
10.15639 

10  08575 
10  08584 
10  08593 
10.08602 
10.0861 1 

IO.243  22 
IO.24304 
IO.24286 
IO.24267 
IO.24249 

10 

9 

8 

j 

1015612 

*°  *5585 

10.15558 
10  15531 
10. 15504 
10  15477 

TO  08619 

10  08628 
!  O  08637 

I  O.08646 
IO.08655 
10  08664 

IO.2423  1 
10.242I  3 
IO.24195 
IO.24177 
IO.24I  59 
IO.24I4I 

5 

4 

3 

2 

1 

c 

d 

i 

55 

56 

57 
5** 
59 
6r 

9.75769 

9  75787 
9.75805 
9.75823 
9.75841 
975859 

9.9138 1 
9  9*372 
9  9*363 
99*354 
9-9*  34  5 
9-9‘336 

9  84388 
9.84415 
9.84442 
9  84469 
9.84496 

9  84523 

1  Sine 

Tang. 

Secant. 

5  5  Degrees. 

K  k 


p 
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A  Table  of  Artificial  Sines, 

- 

3  5  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

o 

9-75859 

9-9*336 

9.84523 

*  °- 1 5  477 

10.08664 

10.24141 

60 

I 

9-75877 

9.91 328 

9.84550 

10. 15450 

10.08672 

10.241 23 

59 

2 

9-75895 

9-91 3  *9 

9  **4576 

10.15424 

10.0868 1 

10.24105 

58 

3 

9  759 1 3 

9.913 10 

9,84603 

1  °*  *  5  397 

10.08690 

10.24087 

57 

4 

9  7593 1 

9  9 1 3° 1 

9.84630 

10  15370 

10.08699 

10.24069 

;6 

5 

9  75949 

9  91292 

9.84657 

1  °- 1 5  3  43 

10.08708 

10.24051 

55 

6 

9  75967 

9  91283 

9.84684 

10. 15316 

10.08717 

*0.24033 

54 

7  9-75985 

9-9I274 

9.8471 1 

10. 15289 

10.08726 

10.240*5 

53 

8  9.76003 

9.91 266 

9.84738 

10.15262 

10.08735 

10.23997 

52 

919.76021 

9.91257 

9.84764 

10. 15236 

10.08743 

jo.23979 

5 1 

10 

9.76039 

9.91248 

9.8479* 

*0.15209 

10.08752 

10.23961 

5° 

1 1 

9.76057 

9-9*239 

9.84818 

1 0. 1 5  1 82 

10  08761 

10.23943 

49 

12 

9  76075 

9-9I23° 

9.84845 

1  o- 1 5 1 ;  5 

10.08770 

*0.23925 

48 

i3 

9.76093 

9.91221 

9.84872 

IO.15128 

10.08779 

10.23907 

47 

H 

9.761 1 1 

9.91212 

9.84899 

IO.  1 5 IOI 

10.08788 

10.23889 

46 

15 

9.76129 

9-9I203 

9.84925 

IO.15075 

10.08797 

10.23872 

45 

16 

9  76146 

9.9U94 

9.84952 

IO.I5048 

10.08806 

10.23854 

44 

*7 

9.76164 

991185 

9.84979 

IO.15021 

10.08815 

10.23836 

43 

18 

9  76182 

9.91 176 

g.  85006 

IO-  H994 

10.08824 

10.23818 

42 

*9 

9.76200 

9.91 167 

9.85033 

10.14968 

10,08833 

10.23800 

ii 

20 

9.76218 

9.91 1 58 

985039 

10.14941 

10.08842 

10.23782 

40 

21 

9.76236 

9.91 1 50 

9.85086 

1 0. 1 49 1 4 

10.0885 1 

10.23764 

39 

22 

9.76253 

9.91*41 

9.85H3 

10. 14887 

10.08860 

10.23747 

38 

23 

9.76271 

9-9 1  *  3  2 

9.85 140 

10.14860 

10.08868 

10.23729 

37 

24 

9.76289 

9-9  * 1 23 

9.85 166 

10.14834 

10.08877 

10.2371 1 

36 

25 

9  76307 

9.91114 

9.85*93 

10.14807 

10.08886 

*0.23693 

35 

26 

9.76325 

9.91105 

9.85220 

10.14780 

10.08895 

10.23676 

34 

2  7 

9.76342 

9.91096 

9  85247 

1 °- 1 475  3 

10.08904 

10.23658 

33 

28 

9.76360 

9.91087 

9  85273 

10.14727 

10.0891 3 

10.23640 

32 

29 

9.76378 

9.9io78;9.8530C 

10.14700 

10.08922 

*  0.23622 

31 

3° 

197639; 

9.91069 

9.85327 

10.14673 

10.0893 1 

10.23605 

30 

i 

Sine. 

1  Tang. 

Secant. 

d 

•*-« 

54  Degrees. 

2 
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-Tangents, 

and  Secants. 

35  Degrees. 

1  Min. 

Sine. 

Tang. 

Secant. 

30 

976395 

9.91069 

9.85327 

10.14673 

10.0893  1 

IO.23605 

30 

3 1 

9.76413 

9.91060 

9  s5354 

10. 14647 

10.08940 

IO.23587 

29 

32 

9.76431 

9.9105 1 

9.85380 

10  14620 

10.08949 

IO.23569 

28 

33 

9.76449 

9.91042 

9.85407 

10.14593 

10.08959 

IO.23552 

27 

34 

9.76466 

9  9 1 0  3  3 

9.85434 

10.14566 

10  08968 

IO.23534 

26 

35 

9.76484 

9.91024 

9  85460 

10. 14540 

10.08977 

IO.235  16 

25 

36 

9.76502 

9.91014 

9.85487 

*0.14513 

10.08986 

*0.23499 

24 

37 

9.76519 

9.91005 

9-855'4 

10.14486 

10  08995 

IO.23481 

23 

38 

976537 

9.90996 

9.8554° 

10  14460 

10.09004 

IO.23463 

22 

39 

976554 

9  90987 

9.85567 

10.14433 

10  09013 

IO.23446 

2 1 

40 

9.76572 

9.90978 

9.85594 

10.14406 

10.09022 

IO.23428 

20 

4i 

9.76590 

9.90969 

9  85620 

10. 14380 

10.0903 1 

IO.23410 

'9 

42 

9.76607 

9.90960 

9.85647 

IO-*4353 

10.09040 

IO.23393 

18 

43 

9.76625 

9.9095 1 

9.85674 

10. 14326 

10.09049 

IO.23375 

*7 

44 

9.76642 

9.90942 

9.85700 

10.14300 

10.09058 

IO.23358 

16 

45 

9.76660 

9.90933 

9.85727 

10.14273 

10  09067 

IO.23340 

*5 

46 

9.76677 

9.90924 

9.85754 

10.14246 

10.09076 

IO.23323 

*4 

47 

9.76695 

9-9°9x5 

9.85780 

10.14220 

10  09085 

IO.23305 

*3 

48 

9.76712 

9.90906 

9  85807 

10.14193 

10.09095 

IO.23288 

12 

12 

9.76729 

9.90896 

9.85834 

10. 14166 

10  09104 

IO.23270 

1 1 

50 

9.76748 

9.90887 

9.85860 

10.14140 

10  091 13 

IO.23253 

10 

5 1 

976765 

9.90878 

9.85887 

10  141 13 

10.09122 

IO.23235 

9 

5  2 

9.76782 

9.90869 

9  859i3 

10.14087 

10.0913 1 

IO.23218 

8 

53 

9  76800 

9.90860 

9.85940 

10.14060 

10.09140 

IO.232OO 

7 

54 

9.76817 

9  90851 

9.85967 

10.14033 

10.09149 

IO.23  183 

6 

55 

9.76835 

9  90,842 

9.85993 

10.14007 

10.09158 

IO.23  165 

5 

56 

9.76852 

9.90832 

9.86020 

10.13980 

10.09168 

IO.23  148 

4 

57 

9.76870 

9  90823 

9.86046 

10  13954 

10.09177 

10.23  *3° 

3 

58 

9.76887 

9.90814 

9.86073 

10.13927 

10.09186 

10.23 1 1 3 

2 

59 

976904 

9.90805 

9.86100 

10.13901 

10.09195I 

10  23096 

1 

60 

9  76922 

9  9°796 

9.86126 

10.13874 

10.09204! 

10. 23078 

0 

i 

Sine. 

Tang.  ! 

i 

! 

Secant. 

c 

54  Degrees. 

§ 

Kk 
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A  Table  of  Artificial  Sines, 

36  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

°l 

q. 76022 

9.9O796 

9.86126 

10.13874 

10.09204 

10.23078 

60 

I 

9.76939 

9.90787 

9.86153 

10.13847 

10.0921 3 

10.23061 

59 

2 

9.76957 

9.90777 

9.86179 

10.13821 

10.09223 

10.23043 

58 

3 

9.76974 

9.9O768 

9.86206 

10.13704 

10.09232 

10.23026 

57 

4 

9.76991 

9.90759 

9.86232 

10.13768 

10.09241 

10.23009 

56 

5 

9.77009 

9.90750 

9.86259 

10.13741 

10.09250 

10.22991 

55 

6 

9.77026 

9-9°74I 

9.86285 

10.13715 

10.09259 

10.22974 

54 

7 

9-77°43 

9.9073! 

9.863 12 

10.13688 

10.09269 

10.22957 

53 

8 

9.77061 

9.90722 

9.86339 

10.13662 

10.09278 

10.22939 

52 

9 

9.77078 

9.90713 

9.86365 

10.13635 

10.09287 

10.22922 

io| 

9.77095 

9.90704 

9.86392 

10.13609 

10.09296 

10.22905 

5° 

1 1 

9*77 1 1 3 

9.90695 

9.86418 

10.13582 

10.09306 

10.22888 

49 

12 

9.77130 

9.90685 

9.86445 

10.13556 

10.09315 

10.22870 

48 

!3 1 

9.77147 

9.90676 

9.86471 

10.13529 

10.09324 

10.22852 

47 

H 

9.77164 

9.90667 

9.86498 

10. 13502 

10.09333 

10.22836 

46 

15 

9.77182 

9.90657 

9.86524 

10.13476 

10.09343 

10.228 1 9 

45 

16 

i9-77I99 

9.90648 

9.86551 

10.13450 

10.09352 

10.22801 

44 

l7 

q. 77216 

9.90639 

9.86577 

10. 13423 

10.09361 

10.22784 

43 

18 

977233 

9.99630 

9.86604 

10.13397 

10.09370 

10.22767 

42 

i9 

9.77250 

9.90620 

9.86630 

10.13370 

10.09380 

10.22750 

4± 

20 

q. 77268 

9.9061 1 

9.86656 

10.13344 

10.09389 

10.22733 

40 

21 

9.77285 

9.90602 

9.86683 

10. 1 33 1 7 

10.09398 

10.22715 

39 

22 

9.77302 

9.90593 

9.86709 

10.13291 

10.09408 

10.22698 

38 

23 

977319 

9.90583 

9.86736 

10.13264. 

10.09417 

10.22681 

37 

24 

977336 

9.90574 

9.86762 

10.13238 

10.09426 

10.2266;. 

36 

25 

977353 

9.90565 

9.86785 

10.1321 1 

10.09436 

10.22647 

35 

26 

977370 

9.90555 

9.868 1 5 

10.13185 

10.09445 

10.22630 

34 

27 

977388 

9.90546 

9.86842 

10.13 1 5'S 

,,10.09454 

10.22613 

33 

28 

9774°5 

9.90537 

9  8686£ 

10.13132 

10.09463 

1 10.22595 

32 

25 

977422 

9.90527 

9.86895 

10.13106 

10.09473 

10.22578 

3 1 

3C 

977439 

>  9.905 1 8 

9.86921 

10.13079 

10.09482 

10.22561 

32 

Sine. 

1  Tang. 

i  Secant. 

d 
•  ^ 

53  Degrees. 

'M 

. 

,  • 
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Tangents,  and  Secants. 

36  Degrees. 

1  Min. 

Sine. 

Tang. 

Secant. 

30 

31 

32 

33 

34 

977439 

9.77456 

977473 

977490 

977507 

9.905 18 
9.90509 
9.90499 
9.90490 
9.90480 

9.86921 

9.86947 

9.86974 

9.8700c 

9.87027 

10.13079 
10.13053 
10. 1 3026 
10. 1 3000 
10.1 2974 

10.09482 
10.09492 
10.09501 
10.095 10 
10.09520 

10.22561 
10  22544 
10.22527 
10.225 10 
10.22493 

10.22476 

10.22459 

10.22442 

10.22425 

10.22408 

10.22391 
10.22374 
10.22357 
10.22340 
10  22323 

3° 

29 

28 

27 

26 

25 

24 

23 

22 

21 

20 

*9 

18 

*7 

16 

35 

36 

37 

38 

39 

977524 
977541 
9  77558 

9  77575 
977592 

9.9047 1 
9.90462 
9.90453 
9.90443 
9.90434 

9.87053 
9.87079 
9.87106 
0.87132 
9  87159 

to.  1 2947 
10  1 292 1 
10  1 2894 
10. 1 2868 
10. 1 2842 

10.09529 
10.09538 
10.09548 
*0.09557 
10  09567 

40 

41 

42 

43 

44 

977609 

9.77626 

9.77643 

9.77660 

977677 

9.90424 

9-9°4I5 

9,90405 

9.90396 

9.90386 

9.87185 
9.8721 1 
9.87238 
9  87264 
9.87290 

10. 1 28 15 
10. 1 2789 
10.12762 
10. 1 2736 
10. 1 27 10 

10.09576 

10.09585 

10  09595 
10.09604 
10  09614 

45 

46 

47 
.48 

49 

977694 

9777 1 1 
977728 

9  77744 
9.77761 

9.90377 

9.90368 

9.90358 

9.90349 

9-9°339 

9*873 1 7 
9-87343 
9  87369 
9.87396 
9  87422 

10. 1 2683 
10. 1 2657 
10. 1 263 1 
10. 1 2604 

1 0. 12578 

10.09623 
10.09632 
10.09642 
10.0965 1 
10.09661 

10.22306 

10.22289 

10.22273 

10.22256 

10.22239 

10.22222 
10.22205 
10.22188 
10.22171 
10  22155 

*5 

*4 

*3 

1 2 

1 1 

10 

9 

8 

7 

6 

5° 

51 

52 

53 

54 

977778 

977795 
9.778 1 2 

977829 

977846 

9.90330 
9.90320 
9.903 11 
9.90301 
9.90293 

9.87448 

9.87475 

9.87501 

9.87527 

9.87554 

10. 1 2552 
10.12525 
10. 1 2499 
10.12473 
10  T  2446 

10.09670 

10.09680 

10.09689 

10.09699 

10.09708 

55 

56 

57 

58 

59 

60 

9.77862 

9.77879 

9.77896 

9-779*3 

97793° 

977946 

9.90282 

9.90273 

9.90263 

9.90254 

9.90244 

9.90235 

9.87580 

9.87606 

9.87633 

9.87659 

9.87685 

9.877U 

IO.I2420 
LO.  I2394 
10.1 2367 
IO.I2341 
10. 12315 
10. 12289 

10.09718 
10.0972  7 
10.09737 
10.09746 
10.09756 
10.09765 

10.22138 

10.22121 

10.22104 
10.22087 
*0.22071 
10  22054 

Secant. 

5 

4 

3 

2 

1 

0 

c 

§ 

\ 

1  Sine. 

Tang. 

53  Degrees. 

Kk 


V 


•if 


i 

*1 


k  | 

i 

§  m 


[  498  ] 


A  Table  of  Artificial  Sines, 


37  Degrees. 


?■ 


9.77946  9.90235 

9*7/963  9.902 25 
9,77980  9.90216 

3  977997  9.90206 

4  9-78013  9.90197 


10 

1 1 

12 


*5 

16 


Sine. 


5  9.78030  9.90187 
'  9.78047  9.90178 
7  9.78063  9.90168 
9.78080  9  90159 
9  9.78097  9.90149 


9  78113  9.90139 
9.78130  9.90130 
9  78147  9.90120 
13  9.78163  9.901 1 1 


9  78180 


9.78197 
9.78213 
17  9.78230 
9.78246 
9.78263 


18 

19 


9.78280 

9.78296 

978313 

9.78329 

9.78346 


20 

21 

22 

23 

fi 

25  9.78362 

26  9.78370 

27  9  78395 

28  9.78412 
9.78428 
9  78445 


29 

30 


9.90101 


9.90091 

9.90082 

9.90072 

9.90063 

9  9OQ53 
9.90043 

9  90034 
9.90024 

9.90014 

9.90005 


9.89995 

9.89985 

9.89976 

9.89966 

9.89956 

9  89947 


Sine. 


Tang. 


9.87711 

9.87738 

9.87764 

9  8779° 
9.87817 


9.87843 

9.87869 

9.87895 

9.87922 

9.87948 


9.87974 

9.88000 

9.88027 

9.88053 

9.88080 


9.88 105 
9.88 1 3 1 
9.88158 
9.88184 
9.88210 


9.88236 
9.88263 
9.88289 
9.883 15 
9.88341 


9.88367 

9.88393 

9.88420 

9.88446 

9.88472 

9.88498 


1: 

1 

i 

r 

c 

Secant. 

•• 

10.12289 

10.09765 

10.22054 

60 

IO.I  2262 

10.09775 

10.22037 

59 

10. 1 2236 

10.09784 

10.22020 

S8 

IO.I  2210 

10.09794 

10.22003 

57 

io.i  2184 

10.09803 

10.21987 

56 

io.i  2157 

10.09813 

10  21970 

55 

IO.  I  213  I 

10.09822 

10.21953 

54 

10.12105 

10.09832 

10.21937 

5$ 

IO.I  2078 

10.09842 

10.21920 

52 

10.1 2052 

10.0985 1 

10.21903 

5 1 

10. 1 2026 

10.09861 

10.21887 

5° 

IO.  I  2000 

10.09870 

10.21870 

49 

IO.  I  I974 

10.09880 

10.21853 

48. 

IO.  I 1947 

10.09889 

10.21837 

47 

10. 1 1921 

10.09899 

10.21819 

46 

IO.I  1 895 

10.09909 

10.21803 

45 

IO.I  1869 

10.09918 

10.21787 

44 

10.1 1842 

10.09928 

10.2 1770 

43 

10.  u  8 16 

ic. 09937 

10.21754 

42 

10. 1 1790 

10.09947 

IO-2i737 

4i 

10. 1 1764 

10.09957 

10.21720 

40 

io.i  1738 

10.09966 

10.21704 

39 

io.i  1 7 1 1 

10.09976 

10.21687 

38 

io.i  1685 

10.09986 

10.21671 

37 

IO.  I  !  659 

10.09995 

10.21654 

36 

IO.  I  1633 

10.10005 

10.21638 

35; 

io.i  1607 

10. 10015 

10.2162 1 

34 

10.1 1580 

10.10024 

10.21605 

33 

10,1 1 554 

10.10034 

10.21588 

32 

io.i  1528 

10. 10044 

10.21572 

3i 

10. 1 1 502 

10.10053 

10.21555 

30 

Tang. 

Secant. 

• 

G 

agrees. 

S 

[  499  ] 


Tangents,  and  Secants. 

37  Degrees. 

§ 

3 

Sine. 

Tang. 

Secant. 

1 

3° 

31 

32 

33 

34 

9.78445 

9.78461 

9.78478 

9.78494 

9.78511 

9.89947 
9.89937 
9.89927 
9  89918 
9  89908 

9.88498 

9.88524 

9.88550 

9.88577 

9.88603 

IO.  I  1502 
IO. I  I476 
IO.  I  I45O 
IO.I  1424 
10.1 1397 

10.10053 
10.10063 
10.10073 
10.10082 
10. 10092 

10.21555 
10.21539 
'10.21522 
10  21506 
10.21490 

30 

29 

28 

2  7 
[26 

25. 

24 

23 

22 

2 1 

35 

36 

37 

38 

39 

9.78527 

9-78543 

9.78560 

9.78576 

9.78593 

9.89898 

9.89888 

9.89879 

9.89869 

9.89858 

9.88629 
9.88655 
9.8868 1 
9.88707 
9.88733 

10.1 1372 
IO.I  1345 
IO.I  1319 

IO.I  1293 
IO.I  1267 

IO.I  0102 

1 0. 1 0 1 1 2 

10.10121 

IO.IOI  3 1 
10.10141 

10.21473 

10.21457 

10.21440 

10.21424 

10.21408 

40 

41 

42 

43 

44 

9.78609 

9.78625 

9.78642 

9.78658 

9.78674 

9.89849 

9.89840 

9.89830 

9.89820 

9.89810 

9.88759 
9.88786 
9.8881 2 
9.88838 
9.88864 

IO.I  1241 
IO.I  121 5 

1 0. 1 1 188 

IO.I  I  162 
IO.I  I  136 

10.10151 

10.10160 

10.10170 

10.10180 

10.10190 

I  0.2  I  39  I 
IO.21375 
IO.21358 
IO.21342 
10.21326 

20 

T9 

18 

17 

16 

45 

46 

47 

48 

49 

9.78691 
9  78707 
9.78723 
9.78740 
9.78756 

9.89801 
9.89791 
9.8978 1 
9.89771 
9.89761 

9.88890 

9.88916 

9.88942 

9.88968 

9.88994 

IO.I  I  I  IO 
IO.I  1084 
IO.I  1058 
IO.I  1032 
10.1 1006 

10.10199 

10.10209 

10.10219 

10.10229 

10.10239 

I  0.21  309 
10.21  293 
10.21277 
10.21  261 
10.21  244 

J5 

H 

*3 

1 2 

1 1 

5° 

51 

52 

53 

54 

9.78772 

9.78788 

9.78805 

9.78821 

9.78837 

9.89752 

9  89742 
9.89732 

9.89722 
9  89712 

9.89020 

9.89047 

9.89073 

9.89099 

9.89125 

1 0. 10980 
10.10954 
10.10928 

1 0.1090 1 
10.10875 

10.10248 

10.10258 

10.10268 

10.10278 

10.10288 

IO.31228 
10.21 212 
10.21 I96 
10.21  I79 
10.21  163 

10 

9 

8 

7 

6 

55 

56 

57 

58 

59 

60 

9.78853 

9.78869 

9.78886 

9.78902 

9.78918 

9.78934 

9.89703 

9.89693 

9.89683 

9.89673 

9.89663 

9.89653 

9.8915 1 

9-89'77 

9.892O3 

9.89229 

9.89255 

9.89281 

10.10849 

10.10823 

10.10797 

10.10771 

10.10745 

10.10719 

10.10298 

10.10307 

10.10317 

10.10327 

10.10337 

10.10347 

10.21  I47 
10.21  13  I 
10.21  I  14 
10.21  098 
10.21082 
10  21066 

5 

4 

3 

2 

1 

0 

Sine. 

Tang. 

Secant. 

d 

S 

52  Degrees. 

Kk  4 


[  5°°  ] 


A  Table  of  Artificial  Sines, 


38  Degrees. 


Sine. 


9.789349.89653 
9.789,-0  9  89643 
9  78967  9  89634 

9  78983  9  89624 
4  9.78999  9  89614 

9.7901 5  9.89604 
9.79031  9  89594 
9.79047  9  89584 


3 


Tang. 

9.8928 1 
9.89307 

9  89333 
9  89359 
9  8Q38s 


9.8941 1 
9  89437 


9  79o63  9  89974  9  89489 
9  79°79  9-8956419.89515 


1 1 : 9*79 1 1 2  9  89544:9.89567 
12  9.79128  9. 89534!9.8q503 
x3‘9  79,44!9-89524  9  89619 


18  9  79224  9  8947^  9.89749 
r9, 9.79240  9.89465  9  89775 

20  9 79256  9  89455  9.89801 


\  s  •  s  '  *  S  \  1  J 

22,9  79288  9  89435 

23  9*79304  9  89425 

24  9  79320' 

2 


9  894i5 


5|9. 79335  9.89405 
6;9.793 "  1  9.89395 


28 

29 

3° 


26  j9*793 

27  9  79367 
9  79383 
9-79399 
9-7941 5 


9  89853 
9.89879 

989905  j 
9.89931 


9.89385 
9-89375 
989365,,, 

9.89354J9.90061 


Sine. 


Secant. 

10  i 07 i 9 

10.10347 

1 0  21066 

60 

10.10693 

10  10357 

10  21050 

59 

10.10667 

10  10367 

10  21034 

58 

10  10641 

10.10376 

1 0.2 1 01 7 

57 

10  10615 

10  10386 

10  21001 

56 

•  0. 10589 

1  0. 1 0596 

10.20985 

55 

1 0  10563 

1 0. 1 0406 

so  20969 

54 

1 0  10537 

10.10416 

10  20953 

53 

10  10511 

.0  10426 

10.20937 

52 

0 

0 

4* 
l  00 

1 0  10436 

1 0.2092 1 

5i 

'10  10459 

10.10446 

1 0.20905 

5° 

10  10433 

10.10456 

1 0  20889 

49 

1 0. 10407 

10  10466 

10.20873 

48 

ic  10381 

!  O.  IO476 

10.20856 

47 

IO  IOI55 

!0  IO486 

10  20840 

46 

i I  O  IO329 

IO  IO496 

1 0.20824 

45 

1  O.IO303 

IO.IO506 

1 0. 20808 

44 

10  10277 

IO  IO5 I 5 

1 0.20792 

43 

10  10230 

10  10525 

10.20776 

42 

10  10225 

I  O  IO335 

1 0.20760 

41 

1 0. 10199 

10  10545 

10. 2074-5 

40 

10  10173 

1 0. 10553 

1 0.20723 

39 

jio  1 01 47 

10. 10565 

IO  2C7I2 

38 

1 0. 1012 1 

10. 10575 

l  O.20696 

37 

10  10095 

00 

t-^ 

0 

>— < 

0 

10  20681 

36 

1 0. 1 0069 

1 0. 10395 

1 0.20665 

35 

10.10043 

10  10605 

10  20649 

34 

10  i 00 i 7 

10  1061 5 

10  20633 

33 

1009991 

10. 10626 

10  20617 

32 

10  09965 

10  10636 

1 0  20601 

3i 

10  09940 

10  10646 

1 0.20383 

3° 

Tang. 

Secant. 

c 

evrees. 

On  -/n  '-'i  '-n  n  Ln  j  -fi.  -4^  -f^-  I  -f^-  -{^  -£--£*■  -f-  Iwwwwvw  wojuiww 
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[  5CI  ] 


Tangents,  and  Secants 


3  8  Degrees. 


Sine. 

Tang. 

Secant. 

9-7941 5 
9  7943 l! 

9-79447: 

9.79463 

9  79478 

9  89354  9  90061 

9  89344  9.90086 

9  89334  9  9°* 1 2 
9  89324  9  90138 
9  89314  9.90164 

10.09940 

10.09914 

10.09888 

10.09862 

10.09836 

10.10646 
ic. 10656 
10. 10666 
10. 10676 
10. 10686 

IO.2O585 
IO  2O569 
10.205  5  3 
IO.2O537 
10.20522 

9  79494 
9*795 10 

9.79526 

9  79542 
9.79558 

9  89304  9.90190 
9.89294  9  90216 
9  89284  9  90242 
9.89274  9  90268 
9  89264  9  90294 

10.09810 
10.09784 
10.09758 
10.09732 
10  09706 

10. 10696 
10.10706 
10.10716 
10.10726 
10. 10736 

1  0.20506 
10.20490 
10.20474 
IO.2O458 
IO.2O443 

9-79573 

9.79589 

9  796o5 
9.79621 

9.79636 

9.89254 
9.89244 
9  89233 
9.89223 
9.89213 

9.90320 

9.90346 

9.90371 

9.90397 

9 90423 

10.09680 

10.09654 

10.09629 

1 0.09603 
10.09577 

10.10746 
10. 10757 
10.10767 
10.10777 
10. 10787 

IO.2O427 

I  O.2O4I  1 
10.20395 
10.20379 
IO.2O364 

9.79652 

9.79668 

9.79684 

9.79699 

9  797*5 

9  8920319.90449 

9  89193 19-9°475 
9  89183  9  90501 

9.891 73 ;9  ;°527 
9.8916219.90553 

10. 0955 1 
10.09525 
10  09499 
10  09473 
10.09447 

10  10797 
10.10807 
10. 1081 7 
j 10. 10827 
;  10.10838 

I  O.2O348 
ic. 20332 
10.203 16 
jio. 20301 
s  1 0.  20285 

9  7973' 
9.79746 

Q  7Q762 
9.79778 

9-79795 

— — - 

9.891 52 
9.89142 
9.89132 
9.891  22 
9.8911  2 

9.90578 
9.90604 
9.90630 
9  90656 
9  90682 

10.09422 

1 0.09396 
10  093^0 

1 10  09344 
10.093  8 

10. 10848 
10.10858 
10.10868 
10.10878 
10.10889 

10  20269 
10.20254 
10.20238 

IO  20222 

ro  20207 

9.79809 
9.79825 
9.79840 
9.79856 
9.79872 
9  79887 

9.89101 
9.89091 
9  89081 
9  89071 
9.89061 
9  89050 

9.90708 
9.90734 
9  90759 
9.90785 
9  908 1 1 

9  9o837 

10  09292 
10.09266 
10.09241 
10.0921  5 
10091  89 
10  09163 

!  I  O  I O899 
IO.IO9O9 
IO.IO9I9 
IO  IO929 
IO.IO94O 
IO.IO95O 

IO.2OI91 
10.20175 
10.20160 
10  20144 

I  0.201  28 

IO  201 I 3 

Sine. 

Tang. 

Secant. 

5  1  Degrees 


i 


[  502  J 


A  Table  of  Artificial  Sines, 

1 

’ 

39  Degrees. 

2 
►-»  ■ 

p 

Sine. 

Tang. 

Secant. 

X 

j 

\ 

o 

9.79887 

9.89050 

9.90837 

10.09163 

10.10950 

10.201  I  3 

60 

I 

9.79903 

9.89040 

9.90863 

10.09137 

10.10960 

10.20097 

$9 

2 

9.799*8 

9.89030 

9.90889 

10.091 1 1 

10.10970 

10.20082 

5? 

3 

9-79934 

9.89020 

9-9°9I4 

10.09086 

10.10981 

10.20066 

57 

4 

9.79950 

9.89009 

9.90940 

1 0.09060 

10.10991 

10.20051 

56 

5 

9.79965 

9.88999 

9.90966 

10.09034 

IO.I IOOI 

10.20035 

5? 

6 

9.79981 

9.88989 

9.90992 

10.09008 

1 0. 1 1 01 1 

10  20019 

54 

7 

9.79996 

9.88979 

9  91018 

10.08982 

10.1 1022 

10.20004 

53 

8 

9.8001 2 

9.88968 

9  9io44 

10  08957 

10. 1 1032 

10.19988 

si 

1.2 

r^. 

O 

O 

00 

9.88958 

9.91069 

10.08931 

10. 1,1042 

101 9973 

si 

IO 

9.80043 

9.88948 

9  91095 

10.08905 

IO.I  1052 

10.19957 

59 

IJ 

9.80058 

9.88937 

9.91 1 21 

10.08879 

I  0.1 1063 

10.19942 

49 

12 

9  80074 

9.88927 

9.9H47 

10.08853 

10.1 1073 

10.19926 

48 

13  9.80089 

9.8891 7 

9.91172 

10.08828 

IO.I  1083 

10. 1991 1 

47 

H  9.80IO5 

9.88906 

9.91 198 

10.08802 

10. 1 1094 

10.19895 

46 

■5 

9.801 20 

9.88896 

9.91 224 

1 0  08776 

IO.I  I  104 

10.19880 

45 

l6 

9.801 36 

9.88886 

9.61 250 

10.08750 

IO.I  I  I  14 

10.19864 

44 

1 7 

9.S015  1 

9.88876 

9.91 276 

10  08724 

IO.I  I  I  25 

10.19849 

43 

18 

9  80167 

9.88865 

9.91301 

10.08699 

IO.I  1 135 

10.19834 

42 

19 

9.801  82 

9.88855 

9.91327 

10.08673 

IO.I  I  145 

10.19818 

4i 

20 

9.80197 

9.88844 

9-9 1 353 

10.08647 

IO.I  I  156 

10.19803 

40 

21 

9.802 1  3 

9.88834 

9.91379 

10.08621 

IO.I  I  166 

10.19787 

39 

22 

9.80228 

9.88824 

9.91404 

10.08596 

IO.I  I  I  76 

10.19772 

38 

23 

9.80244 

9. 88813 

9*9I43° 

10.08570 

IO.I  I  I  87 

10.19756 

37 

24*9  80259 

9.88803 

9-9H56 

10.08544 

IO.I  I  197 

10.19741 

36 

25 

9.80274 

9.88793 

9.91482 

10.085 1  8 

IO.I  I  207 

10.19726 

35 

26  j 

9.80290 

9.88782 

9.91 508 

10.08493 

IO.I  121 8 

10.19710 

34 

27 

9.80305 

9.88772 

9-9*533 

10.08467 

IO.I  I  228 

10. 19695 

33 

28 

9.80320 

9.88761 

9-9 1 559 

10.08441 

IO.I  I  239 

10.19680 

32 

29 

9.80336 

9  8875 1 

9.9158; 

10,0841 5 

IO.  I I 249 

10.19664 

3 1 

3° 

9  80351 

9  88741 

9.91610 

10  08390 

IO.I  1259 

10.19649 

3° 

~ 1 

Sine. 

Tang. 

Secant. 

c 

50  Degrees. 

£ 

\ 


[  5°3  1 


Tangents, 

and  Secants. 

39  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

3° 

9.80351 

9.88741 

9.91610 

10.08390 

10.1 1  259 

10  19649 

3° 

3 1 

9.80366 

9  8873° 

9  91636 

10.08364 

10. 1 1 270 

10.19634 

29 

3  2 

9.80382 

9.88720 

9  91662 

10.08338 

10.1 1  280 

10  19618 

28 

33 

9.80397 

9.88709 

9  91688 

10  08312 

10.1 1 29 1 

10.19603 

27 

34 

9.8041 2 

9.88699 

9.91713 

10.08287 

10  1 1 301 

10.19588 

26 

35 

9.80428 

9.88689 

9.91739 

10.08261 

10. 1 1 3 1 2 

10.19572 

2  5 

36 

9.80443 

9.88678 

9  •  9 1 765 

10.08235 

10. 1 1 322 

101 95  5  7 

24 

37 

9.80458 

9.88668 

9-9I79I 

.  O.  08209 

10  1 1 332 

10  19542 

2  3 

38 

9.80473 

9.88657 

9  91816 

IO  08 I 84 

10.1 1343 

10.19527 

22 

39 

9  80489 

9.88647 

9  91842 

10.081  58 

10.1 1353 

10. 1951 1 

21 

40 

9.80504 

9.88636 

9.91 868 

IOO8I 32 

IO.I  I  364 

10.19496 

20 

41 

9.805 19 

9.88626 

9.91893 

10.08107 

*0.1 1374 

10.19481 

19 

42 

9.80534 

9.8861 5 

9-91 9*9 

IO- 08081 

IO.I  I  385 

10.19466 

18 

43 

9.80550 

9.88605 

9  9T945 

IO.O8O55 

10.11395 

10.1945 1 

*  7 

44 

9  80565 

9.88594 

9  9I971 

10.08029 

IO  I I 406 

10.19435 

16 

45 

9.80580 

9.88584 

9-9*996 

10.08004 

IO.I  1416 

10.19420 

*5 

46 

9.80595 

9.88573 

9.92022 

IO.O7978 

10.1 1427 

10.19405 

*4 

47 

9.80610 

9.88563 

9.92048 

10.07952 

*0.11437 

10.19390 

*3 

48 

9.80625 

9.88552 

9  92°73 

10.07927 

10.1 1  448 

10.19375 

1 2 

49 

9.80641 

9  88542 

9  92099 

IO.O79OI 

IO.I  1438 

101 93  59 

1 1 

s° 

9.80656 

9.8853 1 

9.921 25 

IO.O7875 

I  0. 1  1  469 

*0.19344 

10 

5 1 

9.80671 

9.88520 

9.92150 

10  07850 

IO.I  1479 

10  *9329 

9 

52 

9.80686 

9.885 10 

9.921 76 

10.07824 

IO.I  I  490 

1 0. 193 14 

8 

53 

9.80701 

9.88499 

9.92202 

10.07798 

IO.I  I  501 

10.19299 

7 

54 

9.80716 

9.88489 

9.92227 

10.07773 

1 0. 1 1  5 1 1 

1 0. 1 9284 

6 

55 

9.80731 

9.88478 

992253 

10.07747 

10.1 1  522 

10  19269 

5 

56 

9.80746 

9.88468 

9.92279 

100772 1 

IO.I  1532 

10.19254 

4 

57 

9.80762 

9.88457 

9923°4 

1007696 

10.11543 

10  19239 

3 

58 

9.80777 

9.88447 

992330 

10.07670 

10.11553 

10. 19223 

2 

59 

9.80792 

9.88436 

9.92356 

10  07644 

IO.I  I  564 

10  19208 

1 

60 

9.80807 

9  88425 

9  92381 

10  07619 

IO.I !  575 

10.19193 

c 

Sine. 

Tang. 

Secant 

50  Degrees. 

t 

f 


-*** 


[  5°4  I 


A  Table  of  Artificial  Sines, 

40  Degrees. 

g 

ET 

Sine. 

Tang. 

Secant. 

0 

9.80807 

9.88425 

9.92381 

10.07619 

10. 1 15^5 

IO.I9I93 

60 

i 

9.80822 

9.8841 5 

9.92407 

10.07593 

10. 1 1 585 

10.19178 

59 

2 

9.80837 

9.88404 

9*92433 

10.07567 

10.11596 

IO.I9163 

58 

3 

9  80852 

9.88394 

9.92458 

10.07542 

10. 1 1606 

IO.I9148 

57 

4 

9.80867 

9.88383 

9  92484 

10.075 16 

10. 1 161 7 

IO.I9133 

56 

5 

9.80882 

9.88372 

9.925 10 

10.07490 

10. 1 1628 

10.191 1 8 

55' 

6 

9  80897 

9.88362 

9-92535 

10.07465 

10.21638 

10.19103 

54 

7 

9.8091  2 

9  8835 1 

9  92561 

10.07439 

10. 1 1649 

10.19088 

53 

8 

9  80927 

9.88340 

9.92587 

10  07414 

10. 1 1660 

10.19073 

52 

9 

9.80942 

9  8833c 

9.9261 2 

10.07388 

10. 1 1 670 

10. 19058 

5_^ 

1  0 

9.80957 

9.88319 

9  92638 

10.07362 

10. 1 1681 

10.19043 

5° 

i  i 

9.80972 

9.88308 

9.92663 

10.07337 

10. 1 1692 

10.19028 

49 

I  2 

9.80987 

9.88298 

9  92689 

1 0.073 1 1 

10. 1 1 702 

1 0.190 1 3 

48 

1 3 

9.81 002 

9.88287 

9  927 1 5 

10.07285 

10. 1 1713 

10  18998 

47 

14 

981017 

9.88276 

9  9274° 

10.07260 

10. 1 1724 

io  1 89S3 

46 

1  5 

9.81032 

9  88266 

9.92766 

10.07234 

<0.11734 

1 0. 1  8968 

45 

16 

9.81047 

9  88255 

9.92792 

10  07209 

10.1 1 745 

10. 1 8954 

44 

'7 

9.81061 

9.88244 

9.9281 7 

10  071 83 

10.11754 

10.18939 

43 

,8 

9  8 1076 

988234 

9.92843 

10.071 57 

1 0.1 1  766 

10  18924 

42 

1 9 

9  81091 

9  88223 

9  92868 

10  07132 

10. 1 1 777 

10.1 8909 

11 

20 

9.81  106 

9  88212 

9  92894 

10.07106 

10.1 1  788 

10  18894 

40 

2  I 

9.81 1  21 

9.88201 

9.92920 

10.07080 

10. 1 1 799 

10.18879 

39 

22 

9.81  1  36:9.88191 

9.92945 

10.07055 

IO. M  809 

10. 1  8864 

38 

23 

9.8.151 

9.881 80 

9.92971 

10  07029 

10.11  820 

10.1 8849 

37 

24 

9  8m  6619.88169 

9  92996 

10  07004 

IO. I  I  83  I 

1018835 

36 

25 

9.81  180 

9  88158 

9  93022 

!  O.06978 

IO.  I  I  842 

IO  I 8820 

35 

2698?  195 

9  88148 

9.93048 

I  0.0695  2 

IO.  I I 852 

IO.I  8805 

34 

27 

9.81210 

9  88i37 

9.93073 

10.06927 

IO. I  1  863 

10  18790 

33 

28  '9.81 221; 

9  88 1 26 

9  93°99 

1 0.06901 

10. 1 1  874 

10.1 8775 

32 

29;9  81240 

9. 881 1  5 

9.93124 

1 0.06876 

10.1 1885 

10  18760 

3 1 

30  9.8 1 2341 9. 88105 

9  93 1 5° 

1 0.06850 

I  O.  I  I 893 

10  18746 

30 

1 

1 

Sine. 

/Tang.  1 

Secant. 

c 

• 

49  Degrees. 


[  505  ] 


Tangents, 

and  Secants. 

40  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

30 

g.81  254 

9. 88105 

9.93150 

1 0.06850 

10. 1 1 895 

IO.18746 

3° 

31 

981  269 

9.88094 

9  93 1 26 

10.06825 

10. 1 1906 

10.18731 

29 

32 

981  284 

9.880S3 

9  93201 

10.06799 

10.1 1917 

10.  i  87 1 6 

28 

3  3 1 

g.8 l  2QQ 

9. 88072 

9.93227 

10.06773 

1 0. 1 1 9  2  8 

10.1  8701 

27 

34! 

9-8i3M 

9  88061 

9  93252 

10.06748 

1 0. 1 1 939 

10. 1  8687  j 

26 

35 

g.8 1  328 

9  8805 1 

9.93278]  10  06722 

1 0. 1 1 950 

10.18672 

25 

36 

9  81 343 

9.88040 

9  93 3°3 1 

10.06697 

1 0. 1 1 960 

io.i  8657 

24 

5? 

9*8 1 358 

9.88029:9  93329, 

1 0.0667 1 ! 

10. 1 197 1 

1 0  1 8642 

23 

38 

9  81 373 

9.8801 8(9  93355 

10.06646] 

1 0. 1 1 982 

1 0.1  8628 

22 

39 

9  81387 

9  88007(9  93380 

TO.  0662O] 

10  1 1 993 

10  1  861  3 

2 1 

40 

9.8 1 402 

9  8799619.93406 

1  0,06594  !  I  O.  1  2OO4 

1 0. 1  8598 

20 

41 

9  8 1 4 1 7 

9  8-986:9  9343  > 

IO.06569 

10  1 2015 

10. 1 8583 

1 9 

42 

9.81431 

9-87975  (9*93457 

IO.06543 

10. 1  2025 

IO.I  8569 

s  8 

43 

9.81446 

9.87964  9  93482 

10  065 i 8 

10. 1 2036 

10.1 8554 

1  7 

44 

9.81461 

9.87953  9-93508 

1 0  06492 

10. 1 2047 

10.18539 

1 6 

45 

9.81475 

9  87942 

9  93533 

10.06467 

10. 1 2058 

10. 1 8525 

lS 

46 

9.81490 

9.87931 

9-93559 

10.06441 

10.1 2069 

IO.I  85 10 

*4 

47 

9  81 505 

’9.87920 

9  93584 

10.0641 6 

10. 1  2080 

10.1 8493 

1 3 

48 

q. 8 1 5 1  q!  g  87gog 

9.936 1  ° 

10.06390 

1  o.t  2092 

10.1  8481 

1 2 

49 

9.81 534(9.87898 

9  93636 

1 0.06365 

10.  I 2 I 02 

10  I 8466 

1 1 

5° 

g  81  q4g|g. 87888 

9.93661 

10.06339 

10. 1 21 1 3 

10. 1 8452 

10 

51 

9.81 563  9.87877 

9.93687 

10.0631 3 

IO.I  21  23 

10.18437 

9 

O 

52 

g  81578 

9.87866 

9.93712 

10.06288 

10.12134 

I  0. 1  8422 

8 

53 

g.81  5g2 

9  87855 

9-93738 

1 006262 

io.i  2145 

10.18408 

7 

54 

9.81 607 

9.87844 

9  93763 

10  06237 

10.1  2  1  56 

10.18393 

6 

55 

9  81622 

987833 

9.93789 

10. 0621 1 

10.1  2!  67 

10.1  8379 

5 

56 

g  8s  636 

9.87822 

993814 

10  061 86 

IO.I2178 

10.1 8364 

4 

57 

981651 

9.8781 1 

9.93840 

10  061 60 

10.1  2  1  89 

10.18349 

3 

58 

9 81665 

9.87800 

9.93865 

10.06135 

IO  12200 

10.18335 

2 

59 

9  81680 

9  87789 

9.93891 

10.06109 

IO.I  221  I 

10.1  8320 

1 

,  60 

9.81694 

9  87778 

9  939*6 

1 0  06084 

10.1  2222 

jio.i  8306 
! - — - 

0 

Sine. 

Tang. 

! 

j  Secant. 

Id 

49  Degrees. 

|*5 

•  « 

4 


[  5°6  J 


A  Table  of  Artificial  Sines, 


4 i  Degrees. 


Sine. 


Tang. 


9.8169419.87778  9.93916 


9.8 1  709 
0.81723 
9-81738 
9.81752 


9.8 1  767 

9.81  781 

7  9-s'796 

9.81  8lO 

9.81825 


IO 

I  I 
I  2 

13 

*4 


‘5 

16 

*7 

18 

*9 


20 

21 
22 

23 

24 


2? 

26 

27 

8! 


9,81 839 
9.81854 
9.81  868 
9.81 883 
981 897 


9.8191 1 
9.81926 
9.81940 

9  * 8 1 9  5  5 
9  81969 


9.81983 
9.85998 
9.8201 2 
9.82026 
9.82041 


9.82055 

9.82069 


9.87767,9.93942 

9.87756  9.93967 

9*87745 19  63993 
9.87734,9.94018 


9-87723  ;9-94°4+ 

9.8771  2  >9.94009 
9.87701  '9.94095 
9.87690 .994.1 20 
9.87679  ;9  94146 


9.87668  9.941 71 
9.87657*9.94197 
9.8764619.94222 
9.87635  [9.94248 

9  87624  9  94273 


9.87613I9.94299 
9.87601  >9  94324 

9-8759°  19-9435° 

9.87579 19.94375 
9.87568 [9  94401 


9.87557  9.94426 
9.87546  9.94452 
9-87535  9.94477 
9.87524 
9.87513 


9.87501 


9.87490  9.94579 
9.82084  9.87479  9  94605 


.82112 
3019.821 27 


*9 }  9 

'  n  n 


9.94503 

9.9452S 


9.94554 


9.87468 

9.87457 


9.94630 
9  94655 


9.87446(9.9468 
Sine.  | 


48 


Secant. 

10.06084 

1 0. 1 2222 

10.18306 

60 

10.06058 

10.12233 

10.18292 

59 

10.06033 

10.1 2244 

IO.I  8277 

58 

10.06007 

10. 1 2255 

IO.  I  8262 

57 

10.05982 

10  12266 

10.18248 

56 

10.05956 

10.12277 

IO.  I  8233 

55 

I0.05931 

10.12288 

IO.I  8219 

54 

10.05905 

IO.I  2299 

10.18204 

r*  n 

)  0 

10.05880 

IO.I  2310 

10.1  8190 

52 

10.05854 

IO.I  2321 

10. 18175 

51 

10.05829 

IO.  I  2332 

10.1 8161 

5° 

10.05803 

10.12343 

10.1 8146 

49 

10.05778 

10.12354 

10.1  81 32 

48 

10.05732 

10.12365 

10.1 81 1 8 

47 

10.0572  7 

IO.I  2376 

10. 18103 

46 

10.05701 

10.12388 

IO.I  8089 

45 

1 0.05676 

10.12399 

10.1 8074 

44 

10  05650 

IO.I  2410 

IO.I  8060 

43 

10.05625 

10.12421 

10.18046 

42 

10.05599 

IO.I  2432 

IO.I  803  I 

4i 

10.05574 

10.1 2443 

10.18017 

40 

10.05548 

10.12454 

10.18002 

39 

10.05523 

10.12465 

10.17988 

38 

1C0O5497 

IO.I  2476 

I°-I7974 

37 

10.05472 

IO.I  2487 

10.17959 

36 

10.05447 

IO.I  2499 

10.17945 

35 

10.05421 

IO.  I  25 IO 

1 0. 1 793 1 

34 

10.05  396 

IO.I  2521 

10.17916 

33 

10.05370 

IO.I  2532 

10. 17902 

32 

10.05345 

10.12543 

10.17888 

31 

10.05319 

ivo.!2554 

IO.I  7874 

3° 

Tang. 

Secant. 

d 

egrees. 

_  y  m 


-'S 


[  5°7  ] 


. 

.  .  ...Tangents, 

and  Secants. 

41  Degrees. 

£ 
*— *  • 

p 

Sine.  • 

Tang 

Secant. 

30 

9  82127 

9.87446 

9.94681 

10.053 19 

10.12554 

10.17874 

30 

31 

9.82141 

9.87434 

9  94/06 

10.05294 

ic.  i  2566 

10. 1 7859 

29 

32 

9.82155 

9.87423 

9-94732 

10.05268 

10. 1  2577 

10.17845 

28 

33 

9  82169 

9  87412 

9-94757 

10.05243 

10. 1 2588 

10.17831 

27 

34 

9.821 84 

9.87401 

9.9+783 

10.0521 7 

10. 12599 

10.17817 

26 

35 

9.82198 

9.8739° 

9.94808 

10.05 192 

10. 1  2610 

10.17802 

2^ 

36 

9.82212 

9.87378 

9  9+g34 

1 0.05 1 66 

10.1 2622 

10.17788 

24 

37 

9.82226 

9.87367 

9.94859 

10.05 141 

10. 1 2633 

1  °* 1 7774 

23 

38 

9.82240 

9.87356 

9.94884 

10.05 1 16 

10. 1 2644 

10. 1 77 60 

22 

39 

9.82255 

9  *>7345 

9.94910 

10.05090 

1 0. 1  265  5 

•3" 

O 

21 

40 

9.82269 

9-87334 

9-94935 

1 0.05065 

10.1  2667 

1  °* 1 77  3 1 

20 

41 

9.82283 

9.87322 

9  94961 

10.05039 

10.1 2678 

10.17717 

l9 

42 

9.82297 

9.87311 

9.94986 

10.05014 

10. 1 2690 

10.17703 

18 

43 

9.823 1 1 

9.87300 

9  9501 2 

ic  04988 

10. 12700 

10. 1 7689 

l7 

44 

9.82326 

9.87289 

9.95037 

10.04963 

10. 1 27 1  2 

10,1 7674 

16 

45 

9.82340 

9.87277 

9.95063 

10.04938 

1 0. 1 2723 

IO.I  7660 

15 

46:9.82354 

9  87266‘9. 95088 

10.0491 2 

10.12734 

10.17646 

H 

47:9.82368 

9.87255J9.95U3 

10  04887 

10. 1  2745 

10.17632 

I  ^ 

1  D 

48  9.82382 

9.87243,9.95139 

10  04861 

10.1  2757 

10.17618 

1 2 

49 

9.82396 

9.87232-9  95164 

10.04836 

10.12768 

IO.I  7604 

1 1 

5° 

9.82410 

9.8722 1 

9  95 '9° 

10  04810 

IO.l  2779 

IO.I75QO 

10 

51 

9.82425 

9.87209  9.95215 

10.04785 

IO.I  2791 

10.17576 

9 

52 

9.82439 

9.87198 19.95240 

10.04760 

IO.  1 2802 

10.17561 

8 

53 

9.82453 

9.87187:9  95266 

10.04734 

10.12813 

1  °- 1 7  5  47 

7 

54 

9.82467 

9.87176 :9-9529i 

10.04709 

10.12825 

10.17533 

6 

55 

9.82481 

9.87164 

9*95  3 1  7 

10.04683 

lo.i  2836 

10.17519 

5 

56 

9.82495 

9  87153 ;9  95342 

10.04658 

10.1  2847 

10.17505 

4 

57 

9.82509 

9.87141  9.95368 

io. 04633 

IO.I  2859 

10.17491 

3 

58 

9.82523 

9.87130  9.95393 

10  04607 

IO.  1  2870 

10  17477 

2 

59 

9.82537 

9.87M9  9  95418 

10.04582 

IO.  I 288  1 

IO.I  7463 

j 

60 

9.8255 1 

9  87107  9  95444 

10.045  56 

IO.I  2893  j 

10.17449 

0 

* 

Sine.  1 

Tang. 

1 

Secant. 

d 

» 1 

48  Degrees. 

2 

-  -in 


[  508  ] 


A  Table  of  Artificial  Sines, 


l \  2  Degrees. 


Min. 

Sine. 

Tang. 

Secant. 

o; 

9.82551 

9.87 107 

9.95444 

10.04556 

10. 1 2893 

*o-i7449 

60 

1  9-82565 

9.87096 

9.95469 

10.04531 

10. 1 2904 

10.17435 

59 

2 

9.82579 

9.87085 

9-95495 

10.04505 

10.1 291 5 

10. 1 7421 

58 

319.82593 

9.87073 

9.95520 

10.04480 

10. 1 2927 

10. 1 7407 

57 

4*9.82607 

9.87062 

9-95545 

10.04455 

10  12938 

10  17393 

s6 

^9.82621 

9.S7050 

9  9557* 

10.04429 

10.1 2950 

10.17379 

55 

6j9  82635 

9  *7°39 

9  95596 

10.04404 

10.12961 

10.17365 

54 

7  9  82649 

9.87O28 

9.95622 

1004379 

10. 1 2972 

10.17351 

53 

819.82663 

9  87016 

9  9  5 6  4  7 

10.04353 

10. 1 2984 

10.17337 

52 

9*9  82677 

9.87005 

9  95672 

1 0.04328 

10.12995 

10.17323 

5* 

1  0:9.8269  1 

9.86993:9.95698 

1 0.04302 

1 0.1 3007 

10.17309 

5° 

1 1 

9.82705 

9.86982 

9-95723 

10.04277 

10.13018 

1017295 

49 

1 2 

9.82719 

9.86970 

9  95749 

10.04252 

10. 1 3030 

10.17281 

48 

13 

9.82733 

9.8695919.95774 

10.04226 

10. 1 3041 

10.17267 

47 

H 

9.82747 

9.86947 

9  95799 

10  04201 

10  13053 

10.17253 

46 

15 

9.82761 

9  86936 

9.95825 

10.04175 

10. 1 3064 

10.17239 

45 

16 

9  82775  9.86925 

9  95s5° 

10.04 i 50 

10. 1 3076 

10  17226 

44 

1 7 

9.82788  9.869 1  3 

9  95s75 

10.041 25 

‘io.i  3087 

10.1 7212 

43 

18 

9  82802 

9.86902 

9  9  5  9° 1 

10.04099 

10.13099 

10.17198 

42 

19 

9.8281 6 

9  86890 

9  95926 

1 0  04074!  1  0  1  3  1  1 0 

10. 1 71 84 

ii 

20 

9.82830 

9.86879 

9  95952 

10.04048 

10. 1 3 1 22 

10. 17170 

40 

21 

9.82844 

9.86867 

9  95977 

10.04023 

10.13133 

1 0. 1 71 56 

39 

22 

9.82858 

9.86856 

9.96002 

10  03998 

10. 1 3145 

10.17142 

38 

23 

9.82872 

9.86844 

9.96028 

10.03972 

10.1 31 56 

1 0. 1  71  28 

37 

24 

9.82886 

9  8683 2 

9  96053 

10.03947 

10.13168 

10.1  71 1  5 

36 

25 

9.82899I9.86821 

9  96078 

10.03922 

10.13179 

10. 1 7101 

35 

26 

9.8291 3  [9.86809 

9.96104 

10.03896 

10.13  191 

10.17087 

34 

27 

9.82927  [9.86798 

9.961 29 

10.0387 1 

10.13202 

10.17073 

33 

28 

9.82941 

9.86786 

9  96' 55 

1 0.03846 

IO.I  3214 

io.i  7059 

32 

29 

9.8295519.86775 

9.961 80 

10  0382c 

1 0. 1 3225 

10.17046 

3* 

3° 

9. 8296819. 86763 

9.96Z05 

10.03795 

TO  I3237 

jio.  1  7032 

30 

|  Sine. 

Tang. 

1  Secant. 

c 

47  Degrees. 

IS 

1 

Min  IO  «  N  iy^\0  00  CM  O  —  N  CO  Tf-  I  Ur\vO  r^OO  O'  O  -1  N  m  rj-j  U->VO  t^OO  O  O 
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Tangents,  and  Secants. 

42  Degrees. 


Sine. 

Tang. 

Secant. 

9.82968 
9.82982 
9.82996 
9.83010 
9  83023 

9.86763 

9.86752 

9.86740 

9.86728 

9.86717 

9.96205 
9.96231 
9.96256 
9.9628 1 
9.96307 

10.03795 
10.03769 
10  03744 
10.03719 
10  03693 

10  13237 
10  13249 
10.13260 
10.13272 
10  13283 

10. 17032 
10.17018 
10  17004 
10. 16990 
10. 16977 

9-83°3  7 
9. 8305! 

9.83065 

9.83078 

9.83092 

9.86705 
9  86694 
9  86682 
9  86670 
9.86659 

9.96332 

9.96357 

9.96383 

9.96408 

9.96434 

10  03668 
10.03643 
10.03617 
10.03592 
10  03567 

10  13295 
10.13307 
10. 13318 
10.13330 
10.13341; 

10  16963 
10. 1 6949 
10  16935 
10  16922 
10. 16908 

9.83 106 
9.83 1 20 

9  83i33 

9*83H7 
9.83 161 

9.86647 
9.86635 
9  86624 
9  86612 
9.86600 

9.96459 

9  96484 
9.965 10 
9.96535 
9.96560 

1 0.03  5  41 
10.035  16 
10.03491 
10.03465 
10.03440 

10.13353 
10.13365 
10.13376 
10. 1 3388 
10. 1 3400 

10  16894 
10. 1688 1 
10  46867 

1 0. 1 6853 
10  r  68  3  9 

9  8  3  1 7  4 
9.83188 

9.83202 

9*8  3  2 1 5 
9 83229 

9.86589 

9  86577 
9.86565 
9.86554 
9.86542 

9.96586 
9.9661 1 
9.96636 
9.96662 
9.96687 

10.03414 
10  03389 
10.03364 
10.03338 
10.03313 

10. 1 341 1 
io  13423 
10.13435 
10.13446 
10.13458 

10. 16826 
10  16812 
10. 16798 
10. 16785 
10  16771 

9.83243 

9.83256 

9.83270 

9.83283 

9.83297 

9  86530 
9.865 19 
9.86507 
9.86495 
9.86483 

9.96712 
9.96738 
9.96763 
9  96788 
9.968 14 

10.03288 
10.03262 
10  03237 
10.032 1 2 
10.03 186 

1C. 13470 
10. 1 3482 

1  °* 1 3493 
10.13505 

10.13517 

10.16758 
10.16744 
10. 16730 
10.16717 
10. 16703 

9.83311 

9  83324 
9.83338 

9*8333 1 

9  83365 
9  83378 

9  86472 

1 9.86460 
j  9 . 86448 

:9  86436 
9.86425 
9.86413 

9.96839 
9.96864 
9.96890 
9.96915 
9.9694c 
9  96966 

10  03161 
10  03 136 
1 0  03 1 10 
10.03085 
10.03060 
10  03034 

Tang. 

10.13528 
10.13540 
10.13552 
10.13564 
10.1 3576 
to  13587 

1 0. 16690 
10.16676 
10. 1 6662 
10. 16649 
10.16635 
10. 1 6622 

*  Sine. 

Secant. 

20 

l9 

18 

1/ 

16 

*> 

M 


4  7  Degrees. 


[  510  I 


A  Table  of  Artificial  Sines, 

43  Degrees. 

Min. 

Sine. 

Tang. 

Secant. 

o 

9.83378 

9.86413 

9.96966 

IO.O3034 

10.13587 

10.16622 

60 

i 

9.83392 

9  86401 

9.96991 

IO.O3OO9 

1  °- 1 3  5  99 

10.16608 

59 

2 

9.83405 

9  86389 

9.97016 

IO.O2984 

10.1361 1 

10.16595 

58 

3 

9.83419 

9  86377 

9.97042 

IO.O2958 

10.13623 

10.16581 

57 

4 

9  8 3 43 3 

9.86366 

9.97067 

IO.O2933 

10  13634 

10. 16568 

56 

5 

9.83446 

9.86354 

9  97092 

IO.O2908 

10.13646 

10.16554 

55 

6 

9  83460 

9.86342 

9  97  >  >  & 

IO  O2883 

10. 13658 

10.16541 

54 

*-r 

/ 

9-83473 

9.86330 

9-97*43 

IO.O2857 

10.13670 

10. 16527 

53 

8 

9.83487 

9.863 1 8 

9.97 168 

IO.O2832 

10.13682 

10.165 14 

52 

9 

9.83  500 

9.86306 

9.97194 

IO.O2807 

10.13694 

10. 16500 

51 

IC 

9.835 1 3 

9.86295 

9-972,9 

IO.O2781 

10.13705 

10.16487 

50 

1 1 

{ 

9-83^27 

9.86283 

9.97244 

IO  O2756 

1 0.137 1 7 

10.16473 

49 

T  '7 

i  £  ^ 

9  8 3 3  4° 

9.8627 1 

9.97269 

IO.O273  I 

10.13729 

10.16460 

48 

*3 

9.83554 

9.86259 

9.97295 

IO.O27O5 

10.13741 

10. 1 6446 

47 

*4 

9.83567 

9.86247 

9.97320 

10.02680 

10.13753 

10.16433 

46 

i  > 

9.83581 

9.86235 

9-97345 

IO.O2655 

10.13765 

10. 16419 

45 

16 

9  83594 

9.86223 

9-973  7i 

IO.O2629 

10.13777 

,jp.  1 6406 

44 

17 

9  83608 

9.86212 

9  97396 

IO.O2604 

10.1378$ 

tfo.16393 

43 

i8 

9  83621 

9.86200 

9-97421 

IO.O2579 

10  13800 

10.16379 

42 

J9 

9.83634 

9.86188 

9-97447 

IO.O2553 

10.13812 

10. 16366 

11 

20 

9.83648 

9  86176 

9-9747  2 

10.02528 

10.13824 

10.16352 

40 

21 

9.83661 

9.86164 

9-97497 

IO.O2503 

10.13836 

10.16339 

39 

2  2 

9.83675 

9.86152 

9.97523 

IO.O2477 

10.13848 

10.16326 

38 

23 

9.83688 

9.86140 

9.97548 

10.02452 

10.13860 

10.16312 

37 

24 

9.83701 

9.861 28 

9-97573 

IO.O2427 

10.13872 

10.16299 

36 

25 

9  83715 

9.861 16 

9-97599 

10.02402 

10.13884 

10.16285 

35 

26 

9-83738 

9.86104 

9.97624 

IO.O2376 

10.13896 

10.16272 

34 

27 

9.83741 

9.86092 

9.97649 

10.0235  I 

10. 13908 

10.16259 

33 

28 

9.83755 

9  8608c 

:9-97674 

10.02326 

10.13920 

10.16245 

32 

29 

9  83768 

9.86068 

9.977OO 

IO.O23OO 

10.13932 

10.16232 

3i 

30 

9.83781 

9.86056 

9.97725 

10.02275 

10.13944 

10.16219 

Sine. 

Tang. 

Secant. 

• 

c 

• 

46  Degrees . 

2 

[  P1  ] 


Tangents,  and  Secants. 

43  Degrees. 

2 

• 

p 

Sine. 

Tang. 

Secant. 

3o 

9.83781 

9.86036 

9.97725 

10.02275 

10. 13944 

10  t 6219 

30 

3 1 

9-83795 

9.86044 

9-9775° 

10.02250 

10.13956 

10.16206 

29 

32 

9.83808 

9.86032 

9.97776 

10.02224 

10.13968 

10.16192 

28 

33 

9.83821 

9.86020 

g. 97801 

10.02199 

10.13980 

10.16179 

27 

34 

9  83834 

9.86008 

9.97826 

10  02174 

10.13992 

10.16166 

26 

35 

9.83848 

§  85996 

9.97852 

10.02149 

10.14004 

10. 16152 

25 

36 

9.83861 

9.85984 

9.97877 

10.02123 

10.14016 

10.16139 

24 

37 

9.83874 

9.85972 

9.97902 

10  02098 

10. 14028 

10.16126 

23 

38 

9.83888 

9.83960 

9.97927 

10  02073 

10.14040 

10.161 13 

22 

39 

9.83901 

9.83948 

9  97953 

10  02047 

10. 1 405 1 

10. 16099 

21 

40 

9.83914 

9  85936 

9.97978 

10  02022 

10.14064 

10.16086 

20 

4i 

9.83927 

9  85924 

9.98003 

10.01997 

10.14076 

10. 16073 

J9 

42 

9.83940 

9.8591  2 

9.98029 

10.01971 

10. 14088 

10.16060 

18 

43 

9-83954 

9.859OO 

9.98054 

10.01946 

10.14100 

10.16046 

^7 

44 

9.83967 

9  85888 

9.98079 

10.0192 1 

10.141 12 

10.16033 

16 

45 

9.83980 

9.85876 

9.98104 

10  01896 

10.141 24 

10. 16020 

1 5 

46 

9-83993 

9.85864 

9.98 130 

10.01870 

10.14137 

10. 16007 

*4 

47 

9.84006 

9.8585 1 

9.98155 

10  01845 

10. 1 4149 

IO,I5994 

1 3 

48 

9  84020 

9  85839 

9.98180 

10.01820 

10. 14161 

10.15980 

12 

49 

9  84033 

9.85827 

9  98206 

10  01794 

10.14173 

10.15967 

1 1 

5° 

9  84046 

9.85815 

9.98231 

10  01769 

10. 14185 

I0* 1 5954 

10 

51 

9.84039 

9.85803 

9.98256 

10.01744 

10.14197 

10.15941 

9 

52 

9.84072 

9  85791 

9.9828 1 

10.017 19 

10.14209 

10.15928 

8 

53 

9  84081; 

9.85779 

9.98307 

10.01693 

10.14221 

10.15915 

7 

54 

9.84099 

9.85767 

9  98332 

10.01668 

10.14234 

10. 1 5902 

6 

55 

9.841 1 2 

9  85754 

9  98367 

10.01643 

10.14246 

10.15888 

5 

56 

9  84123 

9.85742 

9.98383 

10.01617 

10  14258 

10.15875 

4 

57 

9-84i38 

9.8573O 

9.98408 

10.01592 

10.14270 

10.15862 

3 

58 

9.84151 

9.85718 

9-98433 

10.01567 

10.14282 

10.15849 

2 

59 

9.84164 

9.85706 

9.98458 

10.01542 

10  14294 

10  15836 

1 

60 

9  84177J9-89 693 

9  98484 

10. 01 516 

10.14307 

10. 1 5823 

0 

Sine. 

Tang.  1 

Secant. 

.5 

46  Degrees. 

LI  2 


f  512  } 


A  Table  of  Artificial  Sines, 


44  Decrees. 


Sine. 


9  84177 
9.84190 
9.84203 
9  84216 
9  84220 


!  14. 


9.84242 
9.84256 
9.8426  I 
9.84282 
9.84295 


LO 

I  I 
I  2 


9  85693 
9.85681 
9.85669  9.98534 


Tang. 

9  98484 
9  985°9 


9.85657 

9.85645 


9.85632 

9.85620 


9.98560 

9.98585 


9.986 10 

*  9-98633 


9.85608]  9.98661 
9.85396'  9.98686 
9.85583I9.98711 


Secant. 


10.01316  10.14307 
1 0.0 1 49 1  1 0.143 1 9 
10.01466  10.14331 
10.01440  10  14333 


10  01 41 5 


9  84308  9*8557 1 ; 9.98737 
9.84321  9  855591  9.98762 
9.8433419  83347!  0.98787 
9.84347  9.85534!  9.98812 
9.84360  9.85522;  9.98838 


15 

16 

17 

18 

19 


20 

21 

2<2 

23 

24 


9-84373 
9  84386 

9.84398 
9.844I  I 
9.84424 


9.84437 

9.8445O 

9.84463 

9.84476 

9.84489 


9.855  io'  9.98863 
9.85497'j  9.98888 
9  85485  9.98913 

9-85473  9-98939 
9.85460  9.98964 


JO.OI  390 
10. 01 365 
i°  o 1 3 3 9 

10.013  1 4 
loot  289 


10  01264 
10. 01 238 
10. 01 21 3 
10. 01 188 
10. 01 162 


10  14335 


10. 14368 
10.14380 
10.14392 
10.14404 
10  1 44 1 7 


10. 15823 
10.158 10 
10.15797 
10. 15784 
10  15771 


9.85448,9.98989 
9.85436  9.99014 


25 

26 

27 

28 

29 

30 


9.84502 

9.8451; 


9.8,-423 
9.8541 1 


9.99040 

9  99°6; 


9  s? 399  9-99090 


9  84528  9.83361 
9.84540' 

9  84553 
9.84566 


9  85386  9  99116 

9-85374  9-99H1 
9.99166 

9  8 5 349  9-99I9I 


10. 01 137 
10. 01 1 1 2 
10.01087 
10.01061 
TO  OIO36 


JO.OIOI  I 

IO.OO986 

IO.OO960 

IO.OO935 

IO.OO9IO 


IO.I4429 
10. 14441 

I0- 1 4434 
10. 14466 

10  14478 


10. 14490 
10. 14303 
10.14515 
10. 14527 
10.14540 


10. 1 5758 
10.15745 
10  1 3732 
10.15719 
10.15705 


10. 15692 
10. 15679 
10. 15666 
10.15653 
10.15641 


9-s5337|  9-9921 7 
9-85324!  9.99242 


Sine. 


10.00884 


10. 14552 
10.14564 
10.14577 
10. 14589 
10  14601 


10. 1461 4 


10.00859*  10.14626 
10.008341 10.14639 
10  00809*  10.14651 
10.00783*  10.14663 
10.00758;  10. 14676 


10. 15628 
10.15615 
10. 15602 
10.15589 
10.15576 


10.15563 
10. 15550 
10.15537 
10.15524  37 
10.155 1 1 !  36 


60 

59 

58 

57 

56 


55 
54 
53 
52 
5 1 


5° 

49 

48 

47 

46 

45 

44 

43 

42 

ii 

40 

39 

38 


Tang. 


45  Degrees. 


10.15498,  35 
10. 15485:  34 
10.15472'  33 
10.15460'  3 2 
10.15447  31 
jio.15434  30 

Secant,  j  c 

§ 


i1 


[  5*3  J 


Tangents, 

and  Secants. 

44  Degrees. 

1  Min.  | 

Sine. 

Tang. 

Secant. 

3° 

9.84566 

9.85324 

9.99242 

10.00758 

10. 14676 

10  15434 

30 

3i 

9  84579 

9-853 1 2 

9.99267 

10.00733 

10.14688 

10  15421 

29 

32 

9.84592 

9.85299 

9.99293 

10.00708 

10  14701 

10. 15408 

28 

33 

g. 84605 

9.85287 

9.99318 

10.00682 

10. 1 47 1 3 

10- 1 5395 

2  7 

34 

9.84618 

9.8527; 

9-99343 

10.00657 

10. 1 4726 

10.15383 

26 

35 

9.84630 

9.85  262 

g.  99308 

10.00632 

10.14738 

*-» 

0 

O 

25 

36 

9.84643 

98525O 

9-99394 

10.00606 

10.14750 

io  15357 

24 

37 

9  84655 

9.85237 

9-994I9 

10.00581 

10.14763 

1  °- 1 5  3  44 

23 

38 

9  84669 

9.85225 

9.99444 

10.00556 

10.14775 

10.15331 

22 

39 

9.84682 

9  85212 

9.99469 

10  00531 

10. 1 4788 

10. 1  53  18 

2 1 

40 

9.84694 

9.85200 

9.99495 

10.00505 

10. 14800 

10. 15306 

20 

4i 

9.84707 

9.85187 

9.99520 

10.00480 

10  14813 

10.15293 

l9 

42 

9.84720 

9.8517; 

9-99545 

10.00455 

10. 14825 

0 

OC  ' 

N 

ij- 

6 

►—1 

18 

43 

9  84733 

9.85 162 

9.99571 

10.00430 

10.14838 

10.15267 

17 

44 

9.84745 

9.85 1 50 

9.99596 

10  00404 

0  1 

OC  j 

: 

6  1 

»-« 

10  15235 

16 

45 

9.84758 

9*85 1 37 

9.99621 

10.00379 

10  14863 

10. 15242 

A5 

46 

9.84771 

9-8S 1 25 

9.99646 

10  00354 

10  14875 

10. 1 5229 

H 

47 

9.84784 

9  85112 

9.99672 

10.00329 

I  0. 14888 

10.15216 

*3 

48 

9  84796 

9.85 100 

9.99667 

10.00303 

10. 1 4900 

10.15204 

1 2 

49 

9  84809 

9  85087 

9.99722 

10.00278 

IO  14913 

10. 1 5  191 

1 1 

5° 

9  84822 

985075. 

9-99747 

10  00253 

10.14926 

10.15 178 

10 

5 1 

9.84835 

9.85062 

9-99773 

1 0.00227 

10.14938 

10. 15  166 

9 

52 

9  84847 

9.85049 

9-99798 

10.00202 

10.1495  I 

•  °- 1 5 1 33 

8 

53 

9.84860 

9-8?°37 

9.99823 

10.00177 

10.14963 

10. 1 5 140 

7 

54 

,9  84873 

9  85024 

9.99848 

I0.0QI  52 

10  14976 

10  1 3 1 27 

6 

55  [9-84885 

9.8501 2 

9.99874 

IO  00126 

to.  14988 

10  15 1 1 5 

5 

569  84898 

9.84999 

9.99899 

IO.OOIOI 

to  15001 

10. 15 102 

4 

57!9-849i  1 

9.84986 

9.99924 
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A  Table  <?/*  the  Sun\r 

Declination  for  the 
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N. 
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each  being  the  firjl  after  Leap-Tear. 
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1730,  1 7 34,  1 7 38,  1742,  1746,  1750,  1754,  I758, 

each  being  the  fecond  after  Leap-Year. 


Days. 

July 

N. 

Aug. 

N. 

Sept. 

N.  * 

O£tob. 

S. 
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°9 

1 1 

31 

S 

03 

1 1 

26 

20 

24 

23 
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16 
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A  Table  of  the  Sun\r  Declination  for  the  Tears 
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S. 

S. 
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0 
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1 
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44 

13 
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24 
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49 

5 

21 

02 
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20 
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08 
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20 

39 
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8 
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1  I 
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*4 
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°4 
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43 
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»9 

47 
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35 

°9 

59 
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*9 

09 

37 

*4 

!9 

°5 

°9 
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*5 

18 

5° 

08 

53  < 

1 6 

18 

35 

08 

3°  ( 

1  7 

18 

l9 

08 
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1 8 

18 

03 

°7 

45  < 

*9 

17 

47 

°7 

22  jc 

20 

1 7 

30 

06 
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21 

17 

13 

06 

36  c 

22 
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56 

06 

1 3  c 

23 

16 
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°5 
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24 

1 6 

2  i 

°5 

27|c 

2s 

(6 

°3 

°5 
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26 

’5 

45 

°4 
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27 

'5 
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04 
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28 

*5 
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D3 
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29 

!4 
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33 

29  0 
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1 4 

29 

0 
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14 
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0 

*732>  *736,  I74°»  *744,  *748,  1 752,  *75^,  1760, 

being  Leap  Tears. 
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/ 
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/ 

0 

/ 

0 

/ 

0 

/ 
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58 

»4 

53 

04 

01 

07 

36 

l7 

53 

23 

10 
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21 

49 

*4 

35 

°3 

38 

07 

58 

18 

°9 
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*4 
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3 

21 

40 

*4 

16 

°3 

*5 

08 
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18 

25 

23 
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4 

21 

3* 

1 3 
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08 

43 

18 
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20 
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*3 

39 

02 

29 

°9 

°5 

18 

55 

23 

23 

? 

6 

21 
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*3 

*9 

02 

°5 

09 

27 

*9 

10 

23 

25 

6 

7 

21 

00 

*3 

00 

01 

42 

°9 

49 

*9 

24 

23 

27 

/ 

8 

20 

49 

1 2 

40 

01 

*9 

10 
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*9 

38 

23 

28 

8 

9 

20 

38 
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21 

00 

55 

10 

33 

*9 

52 

23 

29 

9 

10 

20 

27 
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01 

00 

32 

ro 
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20 

°5 

23 

29 

10 

1 1 

20 

*5 

1 1 

40 

00 

08 

1 1 

*5 

20 

1 8 

23 

29 

1 1 

1 2 

20 

02 

1 1 

20 

S 

*5 

1 1 

37 

20 

30 

23 

28 

1 2 

*3 

*9 

50 

10 

59 

00 

38 

1 1 

s* 

20 

42 

23 

27 

*3 

*4 

*9 

37 

10 

39 

or 

02 

12 

18 

20 

54 

23 

z5 

•4 

11 

*9 

24 

10 

18 

01 

25 

1 2 

39 

21 

°5 

23 

23 

*5 

16 

*9 

10 

09 

57 

01 

49 

1 2 

59 

21 

16 

23 

20 

16 

*7 

18 

56 

09 

35 

02 

1 2 

13 

*9 

21 

27 

23 

*7 

1 7 

18 

18 

42 

09 

*4 

02 

36 

1  3 

39 

7* 

37 

23 

*4 

18 

*9 

1 8 

27 

08 

52 

02 

59 

*3 

59 

21 

47 

23 

10 

*9 

20 

18 

1 2 

c8 

31 

03 

22 

1 4 

*9 

21 

56 

23 

°5 

20 

21 

*7 

57 

08 

09 

°3 

46 

*4 

"38 

22 

°5 

23 

00 

21 

22 

*7 

42 

°7 

47 

04 

°9 

*4 

57 

22 

*4 

22 

55 

22 

23 

*7 

26 

07 

25 

°4 

32 

*5 

16 

22 

22 

22 

49 

23 

24 

1 7 

10 

°7 

03 

04 

56 

*5 

34 

22 

29 

22 

43 

24 

11 

16 

54 

06 

40 

°5 

>9 

*5 

53 

22 

36 

22 

36 

2  5 

26 

16 

38 

06 

18 

°5 

42 

1 6 

1 1 

22 

43 

22 

29 

26 

27 

1 6 

21 

°5 

55 

06 

°5 

16 

29 

22 

49 

22 

21 

27 

28 

16 

04 

°5 

33 

06 

28 

16 

46 

22 

55 

22 

13 

28 

29 

*5 

47 

°5 

10 

06 

5 1 

*7 

03 

23 

01 

22 

°5 

29 

29 

°4 

47 

07 

*3 

17 

20 

23 

06 

21 

56 

30 

3* 

1 5 

1 1 

04 

24 

*7 

37 

21 

46 

3* 
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A  Table  of  the  Variation  of  the  Sun’s  Declina¬ 
tion  to  every  1 5  Degrees  of  Longitude  from  the 
Meridian  of  London. 


Degrees  of  Longitude  from  the  Meridian  of  London. 


Daily 

D. 

D. 

D. 

D. 

D 

Deg. 

Deg. 

Deg. 

Deg. 

V ariat. 

*5 

30 

45 

60 

75 

90 

105 

1 20 

1 35 

150 

1 65 

1 80 

Min. 

M 

M 

M 

M 

A/ 

M 

Min. 

Mh. 

Min. 

Min. 

Mi*. 

Min. 

2 

00 

00 

00 

00 

00 

00 

Ol 

Ol 

01 

01 

01 

Of 

3 

00 

00 

00 

00 

01 

01 

Of 

Ol 

01 

Ol 

01 

01 

4 

00 

00 

00 

01 

01 

01 

Ol 

02 

02 

02 

02 

02 

«; 

00 

00 

01 

01 

01 

01 

Ol 

02 

02 

02 

02 

02 

6 

00 

00 

01 

01 

Of 

01 

02 

02 

02 

02 

°3 

°3 

7 

00 

01 

01 

01 

01 

02 

02 

°3 

03 

°3 

°3 

°3 

8 

00 

01 

01 

01 

02 

02 

02 

03 

03 

03 

°4 

°4 

9 

00 

01 

01 

Of 

02 

02 

°3 

03 

03 

°4 

04 

04 

10 

00 

01 

01 

02 

02 

02 

°3 

03 

04 

04. 

°5 

°5 

1 1 

00 

01 

01 

02 

02 

°3 

03 

°4 

°4 

°5 

°5 

05 

1 2 

t  , 

00 

01 

01 

02 

02 

03 

°3 

04 

°4 

°5 

°5 

06 

13 

01 

01 

02 

02 

03 

04 

04 

05 

°5" 

06 

06 

*4 

01 

01 

02 

02 

°3 

°3 

°4 

°5 

05 

06 

06 

06 

lS 

01 

01 

02 

02 

03 

°4 

04 

°S 

06 

06 

07 

°7 

16 

01 

01 

02 

03 

°3 

04 

°5 

05 

06 

°7 

07 

07 

17 

01 

01 

02 

03 

04 

04 

05 

06 

06 

07 

08 

08 

18 

01 

01 

02 

03 

°4 

°4 

°5 

06 

07 

07 

08  ' 

°9 

*9 

01 

02 

02 

°3 

04 

°5 

06 

06 

07 

08 

09 

°9 

„  20 

01 

02 

02 

°3 

°4 

°5 

06 

06 

07 

08 

°9 

10 

21 

01 

02 

03I03 

04 

05 

06 

07 

08 

°9 

10 

10 

22 

01 

02 

°3 

04 

°5 

05 

|  06 

07 

08 

09 

10 

1 1 

23 

01 

02 

03 

04 

°5 

06 

07 

08 

°9 

10 

1 1 

1 1 

24 

01 

02 

°3 

°4 

°5 

06 

07 

08 

°9 

10 

1 1 

12 
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i  Table  of  the  Decimations  of  fome  of  the  mofi 

principal  fixed  Stars . 


Stars  Names 

Declin. 

tl 

0 

3 

C^CHEDAR,  in  the  Bread  of  CaJ/opeia  — 

55  02 

N 

^  The  bright  Star  of  Aries  —  —  —  — 

22  08 

N 

Algol,  the  Head  of  Medufa  —  —  —  — 

39  52 

N 

Aldebaran ,  the  BulFs  Eye  —  —  — -  —  — - 

lS  55 

N 

The  Goat  Star  Capella  —  —  — —  —  — — 

45  41 

N 

The  Heart  of  Hydra  —  —  —  —  —  — 

o  7  29 

S 

The  Middlemoft  Star  in  Orion's  Belt  —  — 

01  25 

S“ 

The  Dog  Star  Syrzus  —  —  — -  —  —  — 

16  21 

s 

Procyon,  or  the  little  Dog  Star  —  —  —  — 

°5  54 

N 

Cajlor ,  or  the  Head  of  the  Northermolt  Twin  — 

32  27 

N 

Pollux ,  or  the  Head  of  the  Southermoft  Twin  — 

28  39 

N 

Regulus,  the  Lions  Heart  —  —  —  —  — 

13  *7 

N 

Deneb ,  the  Lions  Tail  —  —  —  ——  — 

16  06 

N 

The  Virgin  s  Spike  —  —  — ■  —  —  — 

09  43 

S 

Ant  ares,  the  Scorpion  s  Heart  —  —  —  — 

25  47 

s 

The  Southermoft  of  the  two  preceding  Stars  7 
in  the  Square  of  the  Great  Bear  —  —  J 

57  5 1 

N 

The  Northermoft  of  the  fame  Two  —  —  — 

63  !3 

N 

The  Southermoft  in  the  two  following  Stars  ) 
in  the  Square  of  the  Great  Bear  —  — -  J 

55  x3 

N 

The  Northermoft  of  the  fame  Two  —  —  — 

58  34 

N 

The  Firft  in  the  Tail  of  the  Great  Bear  —  — 

5  7  28 

N 

The  Second  in  the  Tail  —  —  —  —  — 

56  22 

N 

The  laft  of  the  Three  in  the  Tail  —  —  — 

50  42 

N 

Adturus  —  —  —  —  —  —  —  — 

20  39 

N 

Lyra,  the  bright  Star  in  the  Harp  —  —  — 

38  33 

N 

Alt  air,  the  bright  Star  in  the  Eagle  —  —  — 

08  IO 

N 

The  preceding  of  the  two  middlemoft  in  the  Cro/s 

57 

S 

The  Northern  Foot  of  the  Cro/s  —  —  — 

55  30 

S 

The  Southern  Foot  of  the  Cro/s  —  —  — 

61  31 

s 

The  Eaftermoft  of  the  four  Stars  in  the  Cro/s  — 

_ 

58  06 

s 

i 
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